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riilubutK'f  Wnnhiri^'loii.  b.  RDdwittiT,  Midi.,  184S.  CB.  Univmity  oi  Mii-lil- 
goa,  mr^i  Ph.D.  Lnivcnity  o(  Michinuo,  1S91';  Honorun'  LL.IJ.  Univcreity 
ot  Wiaenn«iii,  1004;  Sc.D.,  Univcniitv  of  Pcnnnylviinin.,  iin<1  Columbia  llniver- 
vty,  IfKJfi.  Aaeiatant  meinMT,  L'.S!  Lake  Survay,  lhT2S2;  assistnnt  n^Ttro- 
nonier.  U.  S.  Tranflit  of  Venus  Cormnissian.  188'2-J44;  ai(troiiomL-r.  (;'M)prauljer, 
and  elilrf  gMgraphcr,  U.  S.  OnoloRiral  Survivy,  ISSt-SH;  iisawtatit,  I'.  S.i'iHiHt 
oad  GcodfUc  Siirvpy,  189(MB;  I'rofewor  of  Meclumics  mid  Matlipmalicsl 
PhyncB.  Columbia  linivcraity.  189^1fll)Ji;  Di'an  of  School  of  \^\uv  Scicinw. 
ibid.,  1f&!*-\^&;  IVwdi'Jit  of  ranwfcit^  IiifUtulUivi  of  \Vii»liiii(itoH.  IflOri. 
McnibcT  of  Natiminl  AcAtli-iiiy  of  Sciciu'n<;  P'u<t  Pri'M-ilciit  ami  Tn-oHUrrr  (niiicn 
tW4)  of  ARicricon  .^jMot-iatton  [or  iIk  Advanci-inciit  of  Scicuoo;  Pu«t  Prcndent 
o[Ani«nean3latliomaticAl8ocii'tvamlof  Npw  York  AcMlomy  ofScieoOM;  mem- 
(mt  oI  Astronomical  and  Astrophyakal  Sociotv  of  Am«ricA~  Qeoloffiool  Society 
o(  .\mf'nrn,  PhvriwU  Kodwtyof  XmpricA,  nnd  XVoahitiKton  Acndiiiny  ftf  ,Sri<Mico«. 
Aaihot  <^  SmUhxfynianGfOffrajthical  Toblft :  Highfr  Mathfmntirv  (with  Matuifidld 
Uemtnao);  aloo  of  mooy  Government  roparte  and  niimermu  papets  and  ad- 
rtinwM  an  mbjecta  in  ajutmomy,  gKHJ^ity,  inatlii^mutivB,  muilinmiiliciil  pitviuca, 
and  vdiicution,] 

TiiEKE  is  a  tr&ditJoii, still  tacitly  sanctioned  even  by  men  of  science, 
tbat  there  have  be«u  epochs  when  the  more  cmiucnt  miutls  were  able 
to  compaes  the  entire  ib-h^g  of  knowledge  Aiuougst  the  vaoisking 
beroic  figures  of  the  past  it  seems  possible,  indeed,  to  discern,  here 
and  there,  a  Galileo,  a  Eluygenn,  a  OeBcartes,  n  lieibnitz,  a  Newton, 
a  Laplnce,  or  a  Humboldt,  eaoh  capable,  at  least,  of  summing  up  with 
great  completeness  the  state  of  contemporary-  knowledge.  Traditions, 
however,  arc  (generally  more  or  less  mythlcid.  and  the  myth  in  this 
GMD  Beoms  to  be  in  flat  contradiction  with  tbc  fact  that  there  never 
w»8  «uch  an  epoch,  that  the  great  masters  of  our  distinguished  pre- 
dcceswni  were,  after  all,  much  like  the  mnsters  of  to-dny,  mmply 
the  lofttling  specialista  of  their  times.  But  however  this  may  be,  if 
we  pant  the  po.s*ibiIity  of  the  requisite  attainments,  even  in  a  few 
mdividuals  at  any  epoch,  we  shall  speedily  conchide  that  there  never 
was  an  epoch  so  mui^h  in  need  of  them  as  the  immediate  present, 
when  the  divieional  speakers  of  this  Congress  are  called  upon  to 
explain  the  unities  which  pen-adc  the  ever-widening  and  largely 
diverse  fields  of  their  several  domains. 
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The  domain  of  physical  science,  concerning  which  I  have  the 
honor  to  address  you  to-dRy,  presents  peculiar  and  peculiarly  for- 
midable difficulties  in  the  way  of  a  Biimmar>'  review.  Whiie  we  may 
not  be  disposed  to  limit  the  wide  range  of  inclusion  specified  by  our 
programme,  we  must  at  once  disclaim  any  attempt  to  epeak  author- 
itatively with  respect  to  most  of  its  details.  There  is,  ia  fact,  such 
a  vast  array  of  knowledge  now  comprehended  under  any  one  of  the 
six  Departments  of  our  DivUion.  that  the  boldest  author  must  besi- 
tate  to  enter  on  a  limited  discussion  with  respect  to  any  of  them. 
But  if  it  is  thus  difficult  to  consider  any  department  of  physical 
science,  it  appears  incomparably  more  difficult  to  contemplate  all 
of  them  in  the  bewildering  complexity  of  their  interrelalicna  and 
in  the  bewildering  diversity  of  thetr  subject-matter.  What,  for 
example,  could  seem  more  appalling  to  the  average  man  of  science 
than  the  duty  of  explaining  the  connections  of  archeology-  and  astro- 
physics, or  those  of  ecology  and  electrons? 

Happily,  however,  the  managers  of  the  Congress  have  provided 
an  adequate  division  of  labor,  whereby  the  technical  details  of  the 
various  Departments  are  allotted  to  experts,  ^ving  thus  to  a  divi9- 
ional  ftpeaker  a  degree  of  freedom  with  respect  to  depth  in  some 
way  commensurate  with  the  breadth  of  his  task.  Presuming,  there- 
fore, that  I  may  deal  only  with  the  broader  outlines  and  salient 
features  of  the  Bubject,  I  invite  your  att<mtion  to  n  summary  view 
of  the  present  stutua  and  the  apparent  trend  of  physical  science. 

Whatever  may  be  affirmed  with  respect  to  science  in  general, 
thero  appears  to  bo  no  doubt  that  all  of  the  physicfJ  sciences  are 
chftFacterized  by  three  remarkable  unities.  —  a  unity  of  origin,  a 
unity  of  growth,  and  a  unity  of  purpose.  Phy-iiical  science  originates 
in  observation  and  experiment;  it  rises  from  the  fact-gathering 
stage  of  unrelated  qualities  to  the  higher  plane  of  related  quantities, 
and  posses  thence  on  to  the  realm  of  correlation,  computation,  and 
prediction  under  theory ;  and  its  purpose  is  to  interpret  in  consistent 
and  verifiable  terms  the  universe,  of  which  we  form  a  part.  The  re- 
cognition of  these  unities  is  of  prime  importance ;  for  it  helps  us  to 
understand  and  to  anticipate  a  great  diversity  of  perfection  amongst 
tbcdifferent  branches  of  science,  and  hence  leads  us  to  appreciate  the 
desirability  of  hearty  cooperation  oo  the  part  of  scientific  workers  in 
order  that  progress  may  be  ever  positive  towards  the  common  goal. 

Glancing  rapidly  seriatim  at  the  different  departments  of  physical 
science  as  specified  by  our  programme,  we  come  first  to  a  consider- 
ation of  formal  physics,  and  we  may  most  quickly  orient  ourselves 
aright  in  this  department  by  trying  to  state  in  what  respects  the 
physics  of  to-day  differs  from  the  physics  of  a  hundred  years  ago. 

In  spite  of  the  extraordinary  perfection  of  the  work  of  Lagrange, 
Laplace,  Fourier,  Young,  Fresnel,  Poisson,  Green,  Causa,  and  others 
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of  the  early  part  of  the  Dineteenth  ceotur}',  it  trill  beat  OQce  admitted 
that  ^«&t  progress  has  been  mude.  la  addition  to  noteworlliy  ad- 
vances and  improvementii  along  the  lines  laid  down  by  tht'KC  mas- 
ters, there  have  been  developed  the  relatively  new  fields  of  elaatieity, 
electromagnetics,  Ihcrmodynamics.  and  aHtmphysica;  and  there  has 
been  discovoreti  the  widest  of  all  gcncralizutions  in  physical  science. 
—  the  Uw  of  conaen-ation  of  energy.  Where&8  it  was  easy  a  century 
ago  to  coneeive,  as  in  gravitational  aBtronomy,  of  action  at  a  dis- 
tance acrtMs  empty  space,  the  universe  in  the  mean  time  has  come 
to  appear  more  and  more  plethoric  not  only  with  "gross  matter/* 
but  with  that  most  wonderful  entity  wc  call  the  ether.  The  astro- 
nomcrv  have  shown  uk,  in  fact,  that  the  number  of  molar  ayntenu)  in 
the  univcree  is  enormously  greater  than  was  suppoacd  puseibln  a  cen- 
tury ago;  while  the  physicists  have  revealed  to  us  molcculdr  syetcma 
rivaling  our  solar  system  and  its  Jovian  and  Snturnian  subsystems, 
and  they  have  loaded  down  the  ether  with  a  burden  of  properties 
and  relationships  which  its  usual  tenuity  seems  scarcely  fitted  to 
bear.  Wherca-s,  also,  a  century-  ago  the  tendency  of  thought,  under 
the  atimuliis  of  the  remarkable  developments  of  the  ela^ttic  solid 
theory  of  ligiit  and  the  fluid  theories  of  electricity,  was  chiefly  to- 
wards an  ether  whose  continuity  would  have  pleased  Anaxagoras, 
the  tendency  to^lay  is  chiefly  toward-s  an  other  whose  atomicity 
would  have  pleased  Oemocrttus. 

On  tbe  whole,  it  must  be  said  that  the  advances  of  the  past  oen- 
(ur>'.  and  especially  those  of  the  past  half-century,  have  been  mainly 
along  the  lines  of  molecular  physics.  The  epoch  of  Laplace  was  dis- 
ti&ctly  an  epoch  of  molar  physics;  theepochof  to-day  ia  distinctly  an 
epoch  of  molecular  phyriee.  Light,  heat,  eteetrieity,  and  magnetism 
have  been  definitely  correlated  as  molecular  and  ethereal  pheno- 
mena; while  the  recently  discovered  X-rays  and  the  wtmders  of 
radioactivity,  along  with  the  "electrons,"  the  "  corpuscles"  and  the 
"electrions  '*  of  current  investigationB,  all  point  towards  a  molecular 
constitution  of  the  ether.  Thermodynamics. likewise,  large  as  it  has 
grown  in  reoent  decades,  is  essentially  a  development  of  the  mole- 
cular theory  of  gaaee.  It  would  lie  too  bold,  perhaps,  to  Es»ert  that 
tbe  trend  of  accumulating  knowledge  is  towarda  an  atomic  unity  of 
matter,  but  the  day  seems  not  far  distant  when  there  will  be  room 
for  a  new  Prittcipia  and  for  a  treatise  which  will  accomplish  for 
molecular  systems  what  the  Micanique  Cileatc  accomplished  for  the 
w^&r  sj-stcm. 

One  of  the  most  important  advances  of  recent  decades  is  found 
in  tbe  fixation  of  ideas  with  respect  to  the  units  of  physical  science, 
and  in  the  great  improvements  which  have  been  wrought  in  metro- 
logT  by  the  "  International  Bureau  of  Weights  and  Measures."  Our 
standards  of  length,  mass,  and  time  are  now  fixed  with  a  degree 


6 


PHYSICAL  SCIENCE 


of  precision  whir!h  leaves  little  to  be  desired  for  the  present;  and 
the  (!HpitiiJ  resources  of  measuremeat  mid  (.-alculation  are  now  avail- 
able to  an  cxtcut  never  hitherto  approached. 

It  should  bo  noted,  however,  that  coufidencc  in  the  stability  of 
our  aland&rds  is  by  no  means  comparable  with  the  perfection  of 
their  current  applications.  Indeed,  we  may  raise  with  respect  to 
them  the  question  en  long  mooted  with  regard  to  the  tnntions  of 
the  members  of  the  solar  system:  namely,  are  they  stable?  NtiE- 
withstanding  Ihi;  udmirable  precision  of  the  intcrcomparisons  of  the 
prototype  meters  and  prntotype  kilo^aniR  and  the  equally  admir- 
able pre(;iaion  of  I'mfcssor  Mic^hrtson'e  determination  of  the  length 
of  the  meter  in  terms  of  wave-lengths  of  cadmium  light,  we  cannot 
affirm  that  these  observed  relation.'*  will  hold  indefinitely.  Our 
inherited  notions  of  mass  hax'c  been  rather  rudely  shaken,  also,  by 
the  penetrating  eriticisms  of  Mach,  and  it  appears  passible  even 
that  the  law  of  conservation  of  mass  may  need  modification  in  the 
light  of  pending  reaearche».  Hut  wnmt  of  all,  our  time-unit,  the 
sidereal  day,  is  so  far  from  posscaainR  the  element  of  constancy  that 
we  may  affirm  with  practical  certainty  that  it  is  secularly  variable. 
Having  realized,  through  Professor  Michetson'e  superb  dctennination 
just  referred  to,  the  cosmic  standard  of  length  suggested  by  Max- 
well thirty  years  ago,  we  are  now  much  more  in  need  of  an  equally 
trustworthy  cosmic  standard  of  time. 

If  the  progress  of  physics  during  the  past  century  has  been  chiefly 
in  the  direction  of  atomic  theory,  the  progress  of  chemistry  has  been 
still  more  bo.  Chemistry  is,  in  fact,  the  science  of  atoms  and  mole- 
cule«  par  fxeellmrr,  a  diKtinction  it  has  maintained  for  well-nigh 
a  full  century  under  the  dominance  of  the  fruitful  atomic  and  mole- 
cular hypcthews  of  Oalton  and  of  .\vogadni  and  Am]»ere,  and  under 
the  amilarly  fruitful  laws  of  guaes  established  by  Dalton  and  Gay- 
Lussuc.  Perhaps  the  most  striking  feature  of  this  progress,  in  a 
general  way,  is  the  gradual  disappearance  it  has  entailed  of  the 
imaginary.'  lines  which  have  been  long  thought  to  separate  the  fields 
of  chemistry  and  physics.  Through  the  remarkable  discoveries  of 
Faraday  the  two  fields  have  lieen  found  to  overlap  in  actual  electrical 
contact.  Through  the  wonderful  revelations  of  spectrum  analysis, 
originating  with  Bunsen  and  KirrhhofT,  they  have  been  proved  to 
be  very  largely  common  ground.  And  through  the  broader  generaliz- 
ations inaugurated  by  WillardGibbs,Helmholiz,andotlicr&,  they  ate 
now  both  somewhat  in  danger  of  being  annexed  as  a  aub-province 
of  rational  mechanics. 

To  one  whose  work  has  fallen  more  especially  in  the  fields  of  pre- 
cise astronomy,  geodesy,  or  metrology,  it  might  seem  a  just  reproach 
to  chemistry  that  it  ia  a  science  whose  measurements  and  calcul- 
ations demand,  as  a  rule,  no  greater  arithmetical  resources  than 
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those  of  four-place  tables  of  logarithms  and  anti-logaritlims.  The 
so-called  "CoDStants  of  Nature  "  supplied  by  chemistry  &Fe,  in  fact, 
known  with  &  low  degree  of  certainty;  a  degree  expreeaed.  say,  by 
three  to  five  significant  figures.  A  small  amount  of  reflection,  how- 
ever,  will  convince  one  that  the  phenomena  nith  i^'hich  the  chemist 
has  to  deal  are  usuuliy  fur  more  complex  than  those  which  have 
yielded  the  splendid  prevision  of  astronomy,  geodesy,  and  metro- 
logy. Moreover,  it  should  be  observed  that  the  certainties  even  of 
these  highly  perfected  sciences  are  very  unequal  in  their  different 
branches.  It  appears  more  correct,  therefore,  as  well  as  more  just, 
considering  the  central  portion  it  occupies  and  the  wide  range  of 
its  ramifications,  along  with  the  vast  aggregate  of  qualitative  and 
quantitative  knowledge  it  has  massed,  to  assert  that  the  prectBion 
of  chemistry  affords  the  beat  numerical  index  of  the  present  state  of 
physical  science.  That  Is,  when  reduced  lo  the  most  compact  form 
of  statement,  the  certainties  of  physical  science  arc  best  indicated, 
in  a  general  way,  by  a  table  of  the  combining  weights  of  the  eighty- 
odd  chemical  elements. 

When  one  contemplates  the  numbers  of  such  a  table,  and  when 
one  adds  to  its  suggestions  those  whk-h  flow  from  the  various  peri- 
odic groupings  of  the  same  numbers,  he  can  hardly  avoid  being  in- 
spired by  the  day-dreama  of  those  who  have  looked  long  for  the 
atomic  unity  of  matter.  But  however  the  grtind  i)rohlem  which  thus 
obtrudes  itself  may  be  resolved  fioally,  it  appears  certain  that  this 
table  must  stand  &s  one  of  the  great  landmarks  along  the  path  of 
progress  in  physical  science. 

It  was  justly  remarked  by  Laplace  in  his  Systimc  du  Monde  that 
''L'Astrononiie,  par  la  dignity  de  son  objet  et  par  la  perfection  de  ses 
th^ries,  est  le  plus  beau  monument  de  I 'esprit  humaln,  le  titre  le 
plus  noble  de  son  intelligence  "  ;  and  we  must  all  admit  that  subse- 
quent progress  has  gone  far  to  maintain  this  liigh  position  for  the 
most  ancient  and  interesting  of  the  older  sciences.  One  finds  little 
difficulty  in  accounting  for  the  early  rise  of  astronomical  science 
and  for  the  universal  interest  in  celestial  phenomena.  Their  im> 
manence  and  omnipresence  appeal  even  to  the  dullest  intellcct.s.  But 
it  is  not  so  easy  to  account  for  the  remarkable  fact  that  although 
astronomy  deals  chiefly  with  the  relations  of  bodies  separated  by 
immense  distances,  progress  in  its  development  has  thus  far  been 
at  least  equal  to,  if  not  in  advance  of,  the  progress  of  physics  and 
ebemistr^',  which  have  to  deal  with  matter  close  at  hand.  Without 
attempting  a  full  explanation  of  this  fact,  it  may  suffice  to  observe 
that  the  principal  phenomena  of  astronomy  thus  far  developed 
appear  to  l>e  relatively  simple  in  comparison  with  those  of  the  other 
physical  sciences;  aud  that  the  immense  distances  which  separate 
the  celestial  bodies,  instead  of  being  an  obstActe  to,  are  a  fortunate 
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circu  instance  directly  in  favor  of,  the  triuiuphant  advances  which 
have  distinguished  utronomical  science  from  the  epoch  of  Galileo 
down  to  the  present  day. 

Not  leaa  noteworthy  than  his  high  estimate  of  the  position  of 
astronomy  in  bis  time  arc  Laplace's  anticipations  of  the  course  of 
future  progress.  Our  admiration  is  kindled  by  the  clearness  of  hie 
vision  with  respect  to  ways  and  niennti,  and  by  the  jienetration  of 
hia  predictionH  of  future  discoverieB.  Advances  in  sidereiil  astro- 
nomy, he  rightly  thought,  would  depend  chiefly  on  imjirovementa 
in  telescopes;  while  advances  in  dynamical  astronomy  were  to 
come  along  with  increaeed  precision  in  the  obecrved  places  of  the 
members  of  the  solar  system  and  along  with  the  growing  perfection 
of  analyaifi.  U  i-s  almost  needless  to  say  that  Laplace's  brilliant  anti- 
cipationK  have  been  quite  surpassed  by  the  actual  developments. 
Oboeni'ational  astronomy  hns  l>ecome  one  of  the  moat  delicately 
perfect  of  all  the  sciences;  dynamical  astronomy  eaiuly  outstrips  all 
competitors  in  the  perfection  of  Its  theories  and  in  the  ccrtiunty  of 
its  predictions;  while  the  newly  developed  branch  of  astrophysics 
supplies  the  last  link  in  the  chain  of  evidence  of  the  essential  uoity 
of  the  material  universe. 

The  order  of  the  dimensions  and  the  order  of  the  mass  contents 
of  the  visible  universe,  at  any  rate,  have  been  pretty  clearly  made 
out.  In  addition  to  the  vast  aggregate  of  direct  observational  evi- 
dence collected  and  recorded  during  the  past  century,  numerous 
theoretical  researches  have  gone  far,  also,  to  interpret  the  laws  which 
reifin  in  the  apparent  chaos  of  the  stars.  The  solar  system,  with  its 
magnificent  subsystems,  haa  been  proved  to  exhibit  the  type  of 
stellar  systems  in  general. 

In  »  profound  investigation  recently  published.  Lord  Kelvin 
has  sought  to  correlate  under  the  law  of  gravitation  the  principal 
observed  data  of  the  visible  universe.  Assuming  this  universe  to 
lie  within  a  sphere  of  radius  equal  to  the  distance  of  a  star  whose 
parallax  is  one  thousandth  of  a  second  of  are,  he  concludes  that 
there  must  be  something  like  a  thousand  million  masses  of  the  mag- 
nitude of  our  sun  within  that  sphere.  Light  traveling  at  the  rate  of 
300,000  kilometers  per  second  would  require  about  six  thousand 
years  to  traverse  the  diameter  of  this  universe,  and  while  the  aver- 
age distance  asunder  of  the  visible  stars  is  considerably  less,  it  is 
still  of  the  same  order.  It  is  only  essential,  therefore,  to  imagine 
our  luminary  surrounded  by  a  thousand  million  such  suns,  most 
of  wlxich  are,  iu  all  probability,  attended  by  groups  of  planets,  to 
get  some  idea  of  the  quantity  of  matter  within  visual  range  of  our 
relatively  insignificant  terrestrial  abode.  And  the  imposing  rnnge  of 
the  astronomer's  time-scale  is  perhaps  impressively  brought  home  to 
us  when  we  reflect  that  a  million  years  is  the  smallest  convenient 
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unit  for  recording  the  Hfe-history  of  a  star,  while  the  current  e%'eiit9 
in  thiit  history  are  transmitted  across  the  interstellar  niedium  by 
vibrations  which  occur  at  the  rate  of  about  six  hundred  millioa 
million  times  per  eecood.  Measured  by  its  accumulation  of  achieve- 
ments, then,  the  astranomy  of  to-<Iay  fiilfillg  the  requirements  of  a 
highly  developed  acieoce.  It  is  characterized  by  a  vast  aggregate 
of  accurately  determined  facts  related  by  theories  founded  on  a 
small  number  of  hypotheses.  In  the  past  it  has  called  forth  the  two 
greatest  of  all  systematic  treatises,  the  Principia  of  Newton  and 
the  M(eanique  CfUtU  of  Laplace.  It  has  probably  done  more  also 
tiian  any  other  science,  up  tu  the  present  time,  to  illuminate  the  dark 
periods  during  which  man  has  fluuiidered  in  his  struggle  fur  advance- 
ment; and  the  indications  are  that  its  prestige  will  long  continue. 

But  there  are  spots  on  every  sun;  and  k-st  sonic  may  infer,  even 
humorously,  as  Carlyle  did  seventy-odd  years  ago,  that  our  system 
of  the  world  is  "as  good  as  perfect,"  atteution  should  be  called  to 
Bonie  noteworthy  defects  in  astronomical  data  and  to  some  singular 
obscurities  in  aatrunumical  tlieory.  Here,  however,  great  caution 
And  brevity  are  essential  to  avoid  poaching  on  the  pre8er^'es  of  our 
colleagues  of  the  Sections.  It  may  suffice,  therefore,  merely  to 
mention,  under  the  head  of  defective  data,  the  low  precision  of  the 
aolar  parallax,  the  aberration  constant,  the  masses  of  the  members 
of  tbe  solar  system,  and  the  uncertainty  of  our  time-unit,  already 
referred  to.  Two  instances,  likcwi^;,  which  belong  to  the  goocral  field 
of  physics  as  well,  may  suffice  as  illustrations  of  obscurities  in  astro- 
nomical theory.  Stated  in  the  order  of  their  apparent  complexity, 
these  obacurities  refer  to  the  law  ot  gravitation  and  to  the  pheDome- 
non  of  stellar  aberration.  Probably  both  are  related,  and  one  may 
hope  that  any  explanation  of  cither  will  throw  light  on  the  other. 

So  long  us  no  attempt  is  made  to  reconcile  the  law  of  gravitatioD 
with  other  branches  of  physics,  progress,  up  to  a  certain  point,  is  easy; 
and  probably  great  advantage  has  resulted  from  the  fact  that  dynam- 
ical astronomers  have  not  been  seriously  disturbed  by  a  desire  to 
harmonize  this  law  with  the  more  elementary-  laws  of  mechanics. 
Perhape  they  have  unconeciously  rested  on  the  platform  that  gravi- 
tation IB  one  of  the  "  primordial  causes  "  which  are  impeaetrable  to 
There  are  some  indications  that  even  Laplace  and  Fourier  did 
rest.  However  this  may  be,  it  has  grown  steadily  more  nad  more 
imperative  during  the  past  century  to  explain  gravitation,  or  to  dia* 
cover  the  mechanism  which  provides  that  the  force  between  two 
widely  separated  maeeeB  is  proportional  to  their  product  directly  and 
to  tbe  square  of  the  distance  between  them  inversely.  All  evidence 
seems  to  indicate  that  the  ether  must  provide  this  mechauism; 
but,  strangely  enough,  so  far,  the  ether  has  badled  all  attempts  to 
re\'eal  the  secret.  The  problem  has  been  attacked  altio  ou  the  purely 
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obeervational  side  of  the  oumencaJ  value  of  the  graN-itation  constant. 
But  the  splendtd  experimental  researebeB  for  Ibis  purpose  throw  no 
light  on  the  meiihanism  in  question:,  and,  uiiforlunately,  they  bring 
out  values  for  the  constant  of  a  low  order  of  precision. 

With  regard  to  stellar  aberration,  it  must  be  at  once  admitted  that 
we  have  neither  an  adequate  theory  uor  a  precisely  determined  fact. 
The  astronomer  has  generally  contented  himself  with  the  elementary 
view  that  aberration  is  a  pXirely  kinematical  phenomenon;  that  the 
earth  not  only  slips  through  the  ether  without  sensible  retardation, 
but  that  the  ether  slips  through  the  earth  without  sensible  effects. 
Tliisdifllculty  was  recognized,  in  a  way,  by  Young  and  Frcsnel,  and, 
although  the  subject  of  elaborate  investigation  in  recent  decades,  it 
has  proved  equally  bafi^ng  with  Newtonian  gravitation.  As  in  the 
case  of  the  latter  also,  the  numerous  attempts  made  to  determine 
the  constant  of  nlwrratlon  by  ob8er\'ational  methods  have  been  re- 
warded by  results  of  only  meagre  precision.  Possibly  the  time  has 
arrived  when  one  may  raise  the  question.  Within  what  limits  is  it 
proper  to  speak  of  a  gravitation  constant  or  of  an  aberration  con- 
stantT 

If  we  agree  with  Laplace  that  astronomy  is  entitled  to  the  highest 
rank  among  the  physical  sciences,  we  can  accord  nothing  short  of 
second  place  to  the  scienpos  of  the  oarth.  Most  of  them  are,  indeed, 
intimately  related  to  astronomy;  and  some  of  them  are  scarcely 
less  ancient  in  their  origins,  less  dignified  in  their  objects,  or  less 
perfect  in  their  theories.  Primarily,  also,  it  should  be  observed,  geo- 
physics is  not  simply  a  part  of,  but  is  the  very  foundation  of,  astro- 
nomy; for  the  earth  furnishes  the  orientation,  the  base-line,  and  the 
timepiece  by  means  of  which  the  astronomer  explores  the  heavens. 
Geology,  likewise,  in  the  broader  sense  of  the  term,  as  we  are  now 
coming  to  see,  is  a  fundamental  science  not  only  by  reason  of  its 
interpretations  of  terrestrial  phenomena,  but  also  by  reason  of  its 
parallel  interpretations  of  celestial  phenomena;  for  there  is  little 
doubt  that  in  the  evolution  of  the  earth  wc  may  read  a  history  which 
is  in  large  degree  typical  of  the  history  of  eelcetial  bodies.  In  any 
revised  estimate,  therefore,  of  the  relative  rank  of  the  physical 
sciences,  while  it  would  be  impossible  to  lower  the  scienre  of  the 
heavens,  it  would  appear  essential  to  raise  the  sciences  of  the  earth 
to  a  much  higher  plane  of  importance  than  was  thought  appropriate 
by  our  predecessors  of  a  hundred  years  ago. 

As  with  physics,  chemistry,  and  astronomy,  the  wonderful  progress 
of  the  nineteenth  centur}'  in  geophysical  science  has  been  along 
lines  converging  towards  the  more  recondite  properties  of  matter. 
All  parts  of  the  earth,  through  obser\'ation,  experiment,  induction, 
and  deduction,  have  yielded  increasing  evidence  of  limited  unities 
amid  endless  diversitjea.    Adopting  the  convenient  terminology  of 
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feolo^StB  for  the  different  elielle  of  the  earth,  let  us  glance  rapidly  in 
St  the  Kiences  of  the  atmosphere,  the  hydrosphere  or  oce&cs, 

'the  Uthoepbere  or  crust,  aud  the  veutrosphere  or  nucleus. 

The  atmosphere  U  the  epecial  province  of  meteorologists,  and 

.although  they  are  not  yet  able  to  iesue  long-range  predictions,  like 
those  guaranteed  by  our  theories  of  tides  and  terrestrial  magnetism, 
it  must  be  admitted  that  they  have  made  great  progress  towards 

,a  rational  description  of  the  apparently  erratic  phenomena  of  the 

reather.    One  of  the  peculiar  anomaiies  of  this  ecience  illustrates 

in  a  Btriking  way  the  general  need  of  additional  knowledge  of  the 

properties  of  matter;  in  this  case,  espeLMully.  the  properties  of  gases. 

'It  is  the  fact  that  in  meteurology  greater  progiRss  has  been  made, 
up  to  date,  in  the  interpretation  of  the  kinetic  than  in  the  int«r^ 

,tH%tation  of  the  static  phenomena  of  the  atmosphere.    Considering 

'that  static  properties  are  usually  much  simpler  than  kinetio  proper- 
ties, it  seems  strange  that  we  should  know  much  more  about  cyclones, 
for  example,  than  we  do  about  the  mass  and  tlie  mass  distribution  of 
the  atmo))phere.  In  respect  to  this  apparently  simple  question  meteor- 

■  dogy  seems  to  have  made  no  advance  beyuud  the  work  of  Laplace. 
There  arc  indications,  however,  that  tlus,  along  with  many  other 
questions,  must  await  the  advent  of  a  new  Principia. 

The  geodesists,  who  are  the  closest  allies  of  the  astronomers,  may 
be  said  lo  preside  over  the  hydrosphere,  since  most  of  their  theories 

-BS  well  as  most  of  their  observations  are  referred  t«  the  sea  level. 
They  have  determined  the  shape  and  the  size  of  the  earth  to  a  sur- 
prising degree  of  certainty;   but  they  are  now  confronted  by  pro- 

'  btems  which  depend  chiefly  on  the  mass  anti  mass  distribution  of 
the  earth.  The  exquisite  reEnement  of  their  observational  methods 
has  brought  to  light  a  minute  wandering  in  the  earth  of  its  axis  of 

'  rotation,  which  makes  the  latitude  of  any  place  a  variable  quantity; 
but  the  interpretation  of  this  phenomenon  is  again  a  physical  and 
not  a  mensurational  problem.  They  have  worked  improvements 
Also  in  alt  kinds  of  apparatus  for  refined  measurements,  as  of  base- 
lioea,  angles,  and  differences  of  level ;  but  here,  likewise,  they  appear 
to  approach  limits  set  by  the  properties  of  matter. 

The  lithosphere  was  once  thought  to  be  the  restricted  province 
of  geologists,  but  they  now  lay  claim  to  the  entire  earth,  from  the 
centre  of  the  centrosphere  to  the  limits  of  the  atmosphere,  and  they 
threaten  to  invade  the  region  of  the  astronomers  on  their  way  toward 
the  outlying  domain  of  cosmogony,  (jeology  illustrates  better  than 
any  other  science,  probably,  the  wide  ramifications  and  the  close 
interrelations  of  physical  phenomena.  There  is  scarcely  a  process, 
a  product,  or  a  principle  in  the  whole  range  of  physical  science,  from 
physics  and  chemiatrj.-  up  to  astronomy  and  astrophysics,  which  is 
not  fully  illustrated  in  its  uniqueness  or  in  its  diversity  by  actual 
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operations  BtiU  in  proRreas  on  the  earth,  or  by  actual  records  p»- 
8er«d  in  her  crust.  The  earth  is  thus  nt  onee  the  grandest  of  labor- 
atories and  the  grandest  of  museums  available  to  man. 

Any  summary  statemeDt,  from  a  non-professional  student,  of  the 
advances  in  geology  during  the  past  century,  would  be  hopelessly  in- 
adequate. Such  a  task  could  be  fitly  undertaken  only  by  an  expert, 
or  by  a  corps  of  them.  But  out  of  the  impressive  array  of  achieve- 
ments of  this  science,  two  seem  to  be  especially  worthy  af  general 
attention.  They  are  the  easenlifll  determination  of  the  properties 
and  the  rdle  of  the  lithoephere,  and  the  essential  determination  of 
tlie  time-scale  suitable  for  measuring  the  histoiical  succesaiou  of  ter- 
restrial cvcnta.  The  lithosphcrc  is  the  theatre  of  the  principal  activ- 
ities, mechanical  and  biological,  of  our  planet;  and  a  million  years 
is  the  smallest  convenient  unit  for  recording  the  march  of  those  activ- 
\tiea.  When  one  considers  the  intellectual  as  well  as  the  physical 
ohfltacles  which  had  to  be  Kurmoiinted,  and  when  one  recalls  the 
bitter  controversies  between  the  Neptunista  and  the  Vulcanists  and 
between  the  Catostrophistn  and  the  Uniformitarians,  these  achieve- 
ments are  seen  to  be  amongnt  the  most  important  in  the  annals  of 
science. 

Tho  ccntrospherc  is  tho  terra  incognita  whose  boundaries  on3y 
are  accessible  to  physical  science.  It  is  that  part  of  the  earth  con- 
cerning which  astronomers,  geologiats,  and  physicists  have  written 
much,  but  concerning  which,  alasl  we  are  still  in  doubt.  Where  direct 
observation  ia  unattainable,  speculation  is  generally  easy,  but  the 
exclusion  of  inappropriate  hypotheses  iSjin  such  cases,  generally  difli- 
eult.  Nevertheless,  it  may  be  affirmed  that  the  range  of  possibilities 
for  the  state  of  the  centrosphere  has  been  sharply  reatricted  during 
the  past  halfnjentury.  Whatever  may  have  lieen  the  origin  of  our 
planet,  whether  it  has  evolved  from  nebular  condensation  or  from 
meteoric  accretion;  and  whatever  may  be  the  distribution  of  tem- 
perature within  the  earth's  maas  as  a  whole;  it  appears  certain  that 
pressure  is  the  dominant  factor  within  the  nucleus.  Pressure  from 
above,  supplied  in  hydrostatic  measure  by  the  plastic  lithosphero, 
supplemented  by  internal  pressure  below,  must  determine,  it  would 
seem,  within  narrow  limits,  the  actual  distribution  of  density  through- 
out the  centrosphere,  rcgardleas  of  its  material  romposition,  of  its 
effective  rigidity,  or  of  its  potential  liquidity.  Here,  however,  we 
ai-e  extending  the  known  properties  of  matter  quite  beyond  tho 
bounds  of  exi)erience,  or  of  present  possible  experiment;  and  we 
are  again  reminded  of  the  unity  of  our  needs  by  the  diversity  of  oux 
difficulties. 

In  his  recPHtly  published  autobiography,  Tlerbert  Spencer  asserts 
that  at  the  time  of  issue  of  his  work  on  biology  (1864)  "not  one 
person  in  ten  or  more  knew  the  meaning  of  the  word  .  .  .  and 
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among  those  who  knew  it,  few  ciired  to  know  anything  about  the 
subject."  That  the  attitude  of  the  educatM  public  towards  biolog- 
ical science  could  hnve  been  thus  indifferent,  if  not  inimical,  forty 
years  agp,  seems  strange  enough  now  even  to  those  of  us  who  have 
witnessed  in  part  the  scientific  progress  subsequent  to  that  epoch. 
But  this  was  a  memorable  epoch,  marked  by  the  advent  of  the  great 
intellertual  awakening  ushered  in  by  the  generalizations  of  Darwin, 
Wallace,  Spencer,  and  their  coadjutors.  And  the  quarter  of  a  cen- 
tury ii'hicb  immediately  followed  this  epoch  appears,  as  we  look  back 
upon  it,  like  an  heroic  age  of  scientific  achievement.  It  was  an  age 
during  which  some  men  of  science,  and  more  men  not  of  science, 
lost  their  heads  temporarily,  if  not  permanently;  but  it  was  also  an 

»Bge  during  which  most  men  of  science,  and  thinking  [}eoplo  in  gen- 
eml,  moved  forward  at  a  rate  quite  without  precedent  in  the  history 
of  human  advancement.  A  new,  and  a  greatly  enlarged,  view  of  the 
universe  was  introduced  in  the  doctrine  of  evolution,  advanced  and 
opposed,  alike  vigoruuiily,  chiefly  by  reaaon  of  its  biological  appli- 
cations and  imphcations.  Galileo,  Newton,  and  Laplace  had  given 
UH  a  s>'slero  of  the  inorganic  world;  Darwin,  Spencer,  and  Lheir 
followem  have  foreshadowed  a  system  which  includeti  the  organic 
world  an  well. 

The  astonishing  progress  of  biology  in  recent  times  furnishes  the 
most  convincing  evidence  of  the  unity  and  the  cfticiency  of  the 
methoda  of  physical  science  in  the  interpretation  of  natural  phe- 

rDomena.  For  the  biologist  has  followed  the  same  methods,  with 
ehanges  appropriate  to  his  subject-matter  only,  as  those  foimd 
fruitful  in  astranomy,  chemistry,  and  all  the  rest.  And  whatever 
may  be  the  increased  complexity  of  the  organic  over  the  inorganic 
world,  or  however  high  the  factor  of  life  may  seem  to  raise  the  pro- 
blems of  biology  above  the  plane  of  the  other  phvEJcal  Bciences, 
there  has  appeared  no  sufficient  reason,  as  yet,  to  doubt  cither  the 
validity  or  the  adequacy  of  those  methods. 

Moreover,  the  interrelations  of  biology  with  chemistry  and  phys- 
ics especially  are  yearly  growing  more  and  more  extended  and  in- 
timate through  the  rapidly  expanding  researches  of  bacteriology, 
physiology,  and  physiological  chemistry,  plant  and  animal  patho- 

tlogyiand  so  on,  up  through  cytology  to  the  embryology  of  the  higher 

rlorms  of  life.  Through  the  problems  of  these  researches  also  wo 
are  again  brought  face  to  face,  sooner  or  later,  with  the  problems  of 
molecular  science. 

And  finally,  what  may  be  said  of  anthropology,  which  is  at  once 
the  most  Interesting  and  the  most  novel  of  the  physical  sciences,  — 

j^interesting  by  reason  of  it«  eubject-tutittcr,  novel  by  reason  of  its 
jpUcations?  Some  of  us,  perhaps,  might  be  inclined  to  demur  from 
classification  which  makes  man,  along  with  matter,  a  fit  object 
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of  investigation  in  physical  science.  Granted  even  that  he  is  usually 
&  not  altogether  efficient  thermodynamic  engine,  it  may  yet  appear 
that  he  is  worthy  of  a  separate  category.  Fortunately,  however,  it 
is  not  a  rule  of  physical  science  to  demand  immediate  answers  to 
Buch  ulterior  questions.  It  is  enough  fnr  the  present  to  know  that 
in&n  furnishes  no  exception,  save  in  point  of  complexity,  to  the  moni- 
feetotione  of  phyBieol  phccomcnn  so  widely  exhibited  in  the  animal 
kingdom. 

But  whatever  may  be  our  inherited  prejudices,  or  our  philosophic 
judgments,  we  are  confronted  by  the  fact  that  the  study  of  man 
in  all  his  attributes  is  now  an  established  domain  of  science.  And 
herein  we  rise  to  a  table-land  of  transcendent  faecination;  for,  to 
adapt  a  phrase  of  an  eminent  master  in  physical  science,  the  instru- 
ments of  investigation  are  the  objects  of  research.  Herein  also  we 
find  the  culininaling  unity,  not  only  of  the  physical  sciences,  but  of 
all  of  the  sciences;  and  it  is  chiefly  for  the  promotion  of  these  tiigher 
interests  of  anthropology  that  we  are  assembled  in  this  cosmopoli- 
tan  congress  to-day. 

It  has  been  our  good  fortune  to  witness  in  recent  decades  an  un- 
paralleled series  of  achievements  in  the  fields  of  physical  science. 
All  of  them,  from  anthropology  and  astronomy  up  to  zoology,  have 
yielded  rich  harvests  of  results;  and  one  is  prone  to  raise  the  question 
whether  a  like  degree  of  progreae  may  be  expected  to  prevnil  during 
the  century  on  which  we  have  now  entered.  No  man  can  tell  what 
a  day  may  bring  forth;  much  less  may  one  forecast  the  progress  of 
a  decade  or  a  century.  But,  judging  from  the  long  experience  of  the 
past,  there  arc  few  reasons  to  doubt  and  many  ifasons  to  expect 
that  the  future  has  still  greater  achievements  available.  It  would 
appear  that  we  have  found  the  right  methods  of  investigation.  Phil- 
osophically considered,  the  remarkable  advances  of  the  past  afford 
little  cause  for  marvel.  On  the  contrary,  they  are  just  such  results 
as  we  should  anticipate  from  persistent  pursuit  of  scientific  investi- 
gation. Conscioua  of  the  adequacy  of  his  methods,  therefore,  the 
devotee  to  physieal  seicnoo  has  everj-  inducement  to  oontinue  his 
labora  with  unSaggiag  zeal  and  confideat  optimism. 
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Chaikmak:  PaopeBftOB  Hbkrt  Crbw,  Narthwestem  Untv(>nitty. 
SpkjUURs:  Pkofbiwor  Edward  L.  Nichols,  Cornell  Umvemty. 
Phopbmok  Cajil  BjLfiu»,  Browit  CiiiwiKil/. 


The  Chairman  of  the  Department  of  Physics  was  I'rofcesor  Henry 
Crew,  of  Northwestern  University,  who  opened  the  prococdings  of 
the  Department  by  saying:  "  Whatever  views  wo  may  entertain  con- 
cerning the  claasificatioQ  of  the  sciences  which  Professor  Miioster* 
berg  has  proposed  for  the  guicJnnce  of  this  congress,  we  will .  I  believe, 
all  concur  in  the  opinion  thnt  it  is  full  of  suggestion  and  very  instruct- 
ive. For  my  own  part,  I  think  it  gives  a  really  profound  glimpse 
into  the  relationships  of  the  various  departments  of  human  learn- 
ing. You  will  recall  that  the  first  main  division  is  between  the  pure 
and  applied  geiences.  We  have  come  together  this  afternoon  to  con- 
^der  a  subject  which  lies  in  the  former  group.  But  physics  is  not  the 
only  pure  science:  it  is  merely  one  belonging  to  tha.t  subdivision 
which  deals  with  phenomena.  Again,  there  are  two  classes  of  phe- 
nomena, the  mental  and  the  physical:  and  physics  haa  to  do  only 
with  the  latter  class.  Indeed,  it  docs  not  cover  the  entire  field  of 
physical  phenomena,  but  constitutes  merely  one  of  the  six  Depart- 
ments in  this  Division.  Physics  is,  however,  the  most  general  and 
mo6t  fundamental  of  this  group  of  six.  It  is  properly  found,  there- 
fore, at  the  head  of  the  list.  Our  theme  this  afternoon,  then,  is  that 
fuDdamental  science  which  deals  with  tlio  general  properties  of 
nuktter  and  energy  and  which  includes  the  general  principles  of  all 
physical  phenomena.  We  arc  fortunate  in  having  with  us  men  who, 
by  wide  experience  gained  in  their  own  researches,  and  by  a  Ihoi^ 
ough  study  of  the  philosophy  of  the  subject,  ore  eminently  fitted  to 
treat  this  topic." 
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Fhy«K5i,  Jolinu  Hopkinit  Univjirsiiy,  1R7!I-S0;  I'mfi-iwiir  of  Fliyuicj*  luiil  Ctn'm- 
isliy.  Ccntml  Univorsity,  18.81-S3';  Professor  of  Pliyeiios  ami  Astnuiorny,  Utii- 
versity  of  Kaiwas,  ISS;-t-Ji7.  Menal*r  of  Nfttional  AcJiilerayof  Scient*.  American 
Aciuii-Jiiy  til  ArW  aiid  Scii-HiM-H,  Aiiii-ricnii  Iiuitituln  cif  F^irtrical  Eiiginw-re. 
AtiicrifJin  Philosii|»liiriJ  Stwicty.  Anicricnn  Pliysicnl  Socicl.y.  Author  of  .1  f^tli~ 
oratory  Manual  o}  i'h\jirica  onA  Applied Electridt'j;  Th«  Outline*  a]  PAi/«'m, ctc.j 

All  algebra,  aa  was  pointed  out  by  von  HelmTioltn'  nearly  fifty 
years  ago,  \s  baaed  upon  the  tliree  following  very  simple  propoM- 
tione: 

Things  eqttcU  to  the  same  thing  are  equal  to  tach  other. 

If  equals  be  odd^d  to  equals  the  wholes  are  e^ual. 

If  unequalB  be  fuiiied  to  equals  the  whnhs  are  unequal. 

Geometry,  he  adds,  is  founded  upon  a  few  equally  obvious  and 
simple  axioms. 

The  science  of  pliyaics.  similarly,  has  for  its  foundation  thi-ee  funda- 
mental conceptions:  those  of  mass,  dialoMe,  and  time,  in  terms  of 
which  all  physical  quantittcii  m&y  be  expressed. 

Physics,  in  so  far  aa  it  is  an  exact  science,  deals  with  the  relations 
of  these  ao-callcd  physicnJ  quantities;  and  this  is  true  not  merely 
of  those  portioDB  of  the  science  which  are  usually  included  under 
the  head  of  physics,  but  also  of  that  broader  realm  which  consists 
of  the  entire  group  of  the  physical  sciences,  viz.,  astronomy,  the 
physics  of  the  heavens;  chemistry,  the  physics  of  the  atom;  geology, 
the  phyaics  of  the  earth's  crust;  biology,  the  physics  of  matter  im- 
bued with  life;  physics  proper  (mechanics,  heat,  electricity,  sound, 
and  light). 

The  manner  in  which  the  three  fundamental  quantities  L.  M,  and 
T  (length,  mass,  and  time)  enter,  in  the  case  of  a  physical  quantity, 
is  given  by  its  dimensional  formida. 

Thus  the  dimensional  fonnula  for  an  acceleration  is  LT''  which 
expresses  the  fact  that  an  acceleration  is  a  velocity  (a  length  di- 
vided by  a  time)  divided  by  a  time.  Energy  has  for  its  dimensional 
formula  L^MT'*;  it  is  a  force,  LT'^M  (an  acceleration  multiplied 
by  a  mass),  multiplied  by  a  distance. 

Not  all  physical  quantities,  in  the  present  slate  of  our  knowledge, 
can  be  assigned  a  definite  dimensional  formula,  and  this  indicates 
that  not  all  of  physics  has  as  yet  been  reduced  to  a  dcurly  established 
'  Von  UclmliolLi,  Popuiort  WUseriKhajlticke  VortrOf/e,  p.  136. 
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leehanicft]  basis.  The  dimenstonal  formula  thus  affords  a  valuable 
Britarion  of  the  exlent  and  boundaries  of  our  strictly  definite  know- 
'ledgc  of  physics.  Within  these  buunduries  we  are  on  safe  and  e»ay 
ground,  and  arc  dealing,  indopendcnt  of  all  speculation,  with  the 
elations  between  precisely  dermcd  quantities.  These  relations  are 
lathcmstical,  and  the  entire  superstructure  is  erected  upon  the  three 
fundamental  quantities,  L,  M,  and  T.  and  pertain  definitions;  just  as 
geometr}'  arises  from  its  axioms  and  definitions. 

Of  many  of  those  physical  quantities,  for  which  we  are  not  as  yet 
able  to  give  the  dimenaoaal  formula,  our  knowledge  is  preciw  and 
ide&aite,  but  it  is  incomplete.  In  the  case,  for  example,  of  one  import- 
it  group  of  quantities,  those  used  in  electric  and  magnetic  meaaure- 
ments,  wo  have  to  introduce,  in  addition  to  L,  M,  and  T,  a  constant 
factor  to  make  the  dimensional  formula  complete.  This,  the  sup- 
prtsstd  factor  of  Rucker,'  is  /i,  the  magnetic  permeability,  when  the 
quantity  is  expressed  in  the  electromagnetic  system,  and  Ijecomes  jfc, 
the  specific  inductive  capacity,  when  the  quantity  is  expressed  in 
temas  of  the  electrostatic  system. 

Here  the  existence  of  the  suppressed  factor  is  indicative  of  our 
igaoronco  of  the  mechanics  involved.  If  we  knew  in  wbal  way  a 
bum  like  iron  increased  the  magnetic  field,  or  a  medium  like  glass 
the  electric  field,  we  should  probably  be  able  to  express  /i  and  k  in 
terms  of  the  three  selected  fundamental  dimensions  and  complete  the 
dimensional  formula;  of  a  large  number  of  quantities. 

niiere  direct  mechanical  knowledge  ceases,  the  great  realm  of 
physical  speculation  begins.  It  is  the  object  of  such  speculation 
to  place  all  phenomena  upon  a  mechanical  bSKis;  excluding  us  unsci- 
entific all  occult,  obscure,  and  mystical  considerations. 

Whenever  the  mechanism  by  means  of  which  phenomena  are  pro- 
duced is  incapable  of  direct  observation  cither  because  of  its  remote- 
ocss  ia  space,  a£  in  the  coae  of  physical  processes  occurring  in  the 
stars,  or  in  time,  oa  in  the  case  of  the  phenomena  with  which  the 
^legist  has  to  do,  or  because  of  the  minuteness  of  the  moving  parts, 
.  in  molecular  physics,  physical  chemistrj-,  etc.,  the  speculative  ele- 
^ment  is  unavoidable.  Here  we  are  comjielled  to  make  use  of  analogy. 
We  infer  the  unknown  from  the  known.  Though  our  logic  be  without 
tw,  and  we  violate  no  mathematical  principle,  yet  are  our  con- 
'tliuions  not  abeolute.  They  rest  of  necessity  upon  assumiytiont, 
and  these  ore  subject  to  modification  indefinitely  as  our  knowledge 
becomes  more  complet«. 

A  Btrildng  instance  of  the  imcertainties  of  extrapolation  and  of  the 
precarious  nature  of  scientific  assumptions  is  afforded  by  the  various 
Mtimates  of  the  temperature  of  the  sun.  Pouillet  placed  this  tempera- 
ton  between  l*irC.  and  17«1°C.;  Secchi  at  6,000,000°;  Ericewn 
*  sucker.  Fhiioa.  Mag.,  37,  p.  104.  1889. 
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st  2,500,000°.  The  newer  determinations '  of  the  temperature  of  the 
surface  are,  to  be  sure,  in  better  agreement.  LeChatelierfindsit  tob« 
7600°;  Pascben,  5400";  Warburg.  6000".  Wilson  and  Gray  publish 
as  their  corrected  result  8000°.  The  estimate  of  the  internal  temper- 
ature is  of  a  more  speculative  cUaracter.  Schuster's  computation 
gives  6,000,000°  to  15,000,000°;  that  of  Kelvin,  200,000.000";  that 
of  Ekholm,  5,000.000°. 

Another  interesting  illustration  of  the  dangers  of  extrapoUtion 
occurs  in  the  history  of  electricity.  Faraday,  starting  from  data  con- 
cerning the  variation  between  the  iength  of  electric  sparks  through 
air  with  the  difference  of  potential,  made  an  interesting  computation 
of  the  potential  difference  between  earth  and  sky  necesflary  to  dis- 
charge a  cloud  at  a  height  of  one  mile.  He  estimated  the  difference  of 
potential  to  be  about  1,000,000  volts.  Later  investigations  of  the 
eparking  distance  have,  however,  shown  this  function  to  possess  a 
character  quite  different  from  that  which  might  have  been  inferred 
from  the  earlier  vork,  and  it  is  likely  that  Faraday's  value  is  scarcely 
nearer  the  truth  than  was  the  original  estimate  of  the  temperature  of 
the  sun,  mentioned  ahove. 

Still  another  notable  instance  of  the  errors  to  which  phyracal  re- 
search is  subject  when  the  attempt  is  made  to  extend  resulla  beyond 
the  limits  established  by  actual  obser^-ation  occurs  in  the  case  of  the 
measurements  of  the  infra-red  spectrum  of  the  sun  by  Langley,  His 
beautiful  and  ingenious  device,  the  bolometer,  made  it  possible  to 
explore  the  apectrum  to  wave-lengths  beyond  those  for  which  the  law 
of  dispersion  of  the  rock-salt  prism  had  at  that  time  been  experi- 
mentally determined.  Within  the  limits  of  observation  the  dispersion 
showed  a  curve  of  simple  form,  tending  apparently  to  become  a 
straight  line  as  the  wave-length  increased.  There  wae  nothing  in  the 
appearance  of  the  curve  to  indicate  that  it  differed  in  character  from 
the  numerous  empirical  cun'os  of  similar  type  employed  in  experi- 
mental physics,  or  to  lead  even  the  most  experienced  investigator  to 
suspect  values  for  the  wave-length  derived  from  an  extension  of  the 
curve.  The  wave-lengths  published  by  Langley  were  accordingly  ac- 
cepted as  substantially  correct  by  all  other  students  of  radiation;  but 
subsequent  measurements  of  the  dispersion  of  rook  salt  at  the  hands 
of  Rubens  and  hie  co-workers  showed  the  existence  of  a  second  sudden 
and  unlooked-for  turn  of  the  curve  just  beyond  the  point  at  which  the 
earlier  determinations  ceased;  and  in  consequence  Langley's  wave- 
lengths and  all  work  based  upon  them  are  now  known  to  be  not  even 
approximately  accurate.  The  history  of  physics  is  full  of  such  ex- 
amples of  the  dangers  of  extrapolation,  or,  to  speak  more  broadly,  of 
the  tentative  character  of  most  of  our  assumptions  in  CKporimcatal 
physics. 

'  9e«  ArrheDius,  Kosmitche  Phystk,  p.  131. 
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We  h&ve,  tben,  two  distinct  eets  of  physical  concepts.  The  first  of 
kthefle  deals  with  that  positive  portioa  of  physice,  the  mechanical  basis 
""of  which,  being  establifihed  upon  direct  observation,  is  fixed  and  defi- 
nite, and  in  which  the  relations  are  as  absolute  and  certain  as  those  of 
aematios  itself.    Here  speculation  is  excluded.    Matter  is  simply 
sue  of  the  three  factors,  which  euters,  by  virtue  of  its  mass,  into  our 
formula  for  energy,  momentum,  etc.   Force  is  simply  a  quantity  of 
.vhlch  vre  need  to  know  only  its  magnitude,  direction,  point  of  appli- 
'CaUoD,  and  the  time  during  which  it  it;  applied.  The  Newtonian  con- 
oeption  of  force  —  the   producer  of   motion  —  la  ailequate.      All 
,  troublewme  questions  as  to  how  force  acts,  of  the  mechanism  by 
'raeaos  of  wliich  its  effects  are  produced,  are  held  in  abeyance- 
Speculative  physics,  to  which  the  second  set  of  concepts  beJongs, 
^deftls  with  those  portions  of  the  science  for  which  tlic  mechanical 
iaaa  hu  to  be  imagined.    Ucat,  tight,  electricity,  and  the  science  of 
the  nature  and  ultimate  proi>ertiea  of  matter  belong  to  this  domain. 
Id  the  history  of  the  theorj'  of  heat  we  find  one  of  the  earliest 
manifestaUons  of  a  tendency  so  common  in  s[%cu1ative  physics  that 
it  may  be  considered  characteristic:    tlie  assumption  of  a  medium. 
The  medium  in  this  case  was  the  so-called  imponderable  caloric;  and 
it  was  one  of  a  large  class,  of  which  the  two  electric  fluids,  the  mag- 
netic fluid,  etc.,  were  important  members. 

The  theory  of  heat  remained  entirely  speculative  up  to  the  time 
of  the  establishment  of  the  mechanical  equivalent  of  heat  by  Joule. 
The  discovery  tliat  heat  could  be  measured  in  terms  of  work  in- 
jected into  thermal  theory  the  conception  of  energy,  and  led  to  the 
development  of  thermodynamics. 

Generalizations  of  the  sort  expressed  by  Tyndall's  plirase,  h<at 
a  mode  of  motion,  follow  easily  from  the  experimental  e^ndence  of  the 
part  which  energy  plays  in  thermal  phenomena,  but  the  specification 
of  the  precise  mode  of  motion  in  question  must  always  depend  upon 
our  views  concerning  the  nature  of  matter,  and  can  emerge  from  the 
speculative  stage  only,  if  ever,  when  our  knowledge  of  the  mechanics 
of  tbe  constitution  of  matter  becomes  fixed.  The  problem  of  the 
mechanism  by  which  energy  ia  stored  or  set  free  rests  upon  a  similar 
speculative  basis. 

Tbaee  are  proper  subjects  for  theoretical  consideration,  but  the 
dictum  of  Rowland  *  that  we  get  out  of  mathematical  formula  only 
what  we  put  into  them  should  never  be  lost  from  sight.  So  long  as 
we  put  in  only  assumptions  we  shall  take  out  hypotheses,  and  useful 
AS  them  may  prove,  they  are  to  be  regarded  as  belonging  to  the  realm 
of  seientifie  speculation.  They  must  be  recognized  as  subject  to  modi- 
fieation  indefinitely  as  we,  in  consequence  of  increasing  knowledge, 
are  led  to  modify  our  assumptions. 

>  Rowlua,  PrttidtiU't  Ad4r*M  to  Ou  Amtrican  Phyticat  Society.  1000. 
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The  conditions  with  which  tlic  pKyaicist  has  to  deal  in  his  study 
of  optics  arc  especially  favorable  to  the  development  of  the  scieutific 
imagination,  and  it  is  in  this  field  that  some  of  the  moBt  remarkable 
instances  of  succciuiful  sjieculative  work  are  to  be  foiintl.  The  emiRsion 
theory'  died  hard,  and  the  early  advocates  of  the  undulatni^'  theory  of 
light  were  forced  to  work  up,  with  a  completeness  probably  without 
parallel  in  the  history  of  science,  the  evidence,  necessarily  indirect, 
that  in  optics  we  have  to  do  with  a  wave-motion.  The  standpoint  of 
optical  theory  may  be  deemed  conclusive,  possibly  final,  so  far  ss  the 
general  proposition  is  concerned  that  it  \s  the  science  of  a  wave- 
motion.  In  a  few  cases,  indeed,  such  as  the  photography  of  the  actual 
nodes  of  a  standing  wave-system,  by  Wiener,we  reach  the  firm  ground 
of  direct  observation. 

Optics  has  nevertheless  certain  distinctly  speculative  feAtures. 
Wave-motion  demands  a  medium.  The  enormous  velocity  of  light 
exelodes  known  forma  of  matter;  the  transmission  of  radiation  in 
iMietto  and  through  outer  space  from  the  most  remote  regions  of  the 
universe,  and  at  the  same  time  through  solids  such  as  glass,  demands 
that  this  medium  shall  have  properties  very  different  from  that  of 
any  subetance  with  which  chemistry  has  made  us  acquainted. 

The  assumption  of  a  medium  is,  indeed,  an  intellectual  necessity, 
and  the  attempt  to  specify  definitely  the  properties  which  it  must 
possess  in  order  to  fulfill  the  extraoniinary  functions  assigned  to  it 
has  afforded  a  field  for  the  highest  display  of  scientific  acumen. 
While  the  problem  of  the  mechanism  of  the  luniiniferous  ether  has  not 
as  yet  met  with  a  satisfactory  solution,  the  ingenuity  and  imaginative 
power  developed  in  the  attack  upon  its  difiiculties  command  our 
admiration. 

Happily  the  development  of  what  may  be  termed  the  older  optics 
did  not  depend  upon  any  complete  formulation  of  the  meebatiicB 
of  the  ether.  Jui*t  as  the  whole  of  the  older  mechanics  was  built  up 
from  Kepler's  laws,  Newton's  laws  of  motion,  the  law  of  gravitational 
attraction,  the  law  of  invcisc  squares,  etc.,  without  any  necessity  of 
describing  the  mechanics  of  gravit-ation  or  of  any  force,  or  of  matter 
itself,  80  the  system  of  geometrical  relations  involved  in  the  con- 
mderation  of  reflection  and  refraction,  diffraction,  interference,  and 
polarization  was  brought  to  virtual  completion  without  introducing 
the  troublesome  questions  of  the  nature  of  the  ether  and  the  consti- 
tution of  matter. 

Underlying  this  field  of  geometrical  optics,  or  what  I  have  just 
termed  the  older  optics,  are,  however,  a  host  of  fimdamenCal  questions 
of  the  utmost  interest  and  importance,  the  treatment  of  which  de- 
pends upon  molecular  mechanics  and  the  mechanics  of  the  ether.  Our 
theories  as  to  the  nature  and  causes  of  radiation,  of  absorption,  and  of 
dispersion,  for  example,  belong  to  the  newer  optics,  and  are  based 
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upon  our  conceptions  of  the  constitution  of  matter;  and  slncd  our 
.ideas  concerning  the  nature  of  inatler,  like  our  knowledge  of  the 
etber,  is  purely  speculative,  the  wience  of  optirii  has  a  doubly  specu- 
lative ba^.    One  type  of  selective  absorption,  for  example,  is  as- 
cribed to  ivsonunce  cif  the  particlea  of  the  abnorbinfc  Hubstiince,  and 
our  nioUom  dispersion  thcorioa  depend  upon  the  a^unipLiim  nf  nat- 
ural periods  of  vibration  of  the  particles  of  the  refracting  medium 
,  of  the  same  order  of  frequency  as  that  of  the  light-n-aves.   When  the 
frequency  of  the  waves  falling  upon  a  substance  coincides  with  the 
natural  period  of  vibration  of  the  particleB  of  the  latter,  we  have 
selective  absorption,  and    accompanying  it,  anomaloua  dlsperaioQ. 
For  these  and  numerous  other  jilicnomcna  no  adequate  theory  is 
fcpCMsible  which  docs  not  have  itu  foundation  upon  aome  oasumed 
conception  as  to  the  constitution  of  matter. 

The  development  of  the  modem  idea  of  the  ether  forms  one  of 
the  most  interesting  chapters  In  the  history  of  physics.  We  find  at 
first  a  tendency  to  assume  a  number  of  distinct  media  corresponding 
to  the  variou."?  effects  (visual,  chemiciil,  thermal,  phosphorescent,  etc.) 
of  light-waves,  and  later  the  growth  of  the  conception  of  a  single 
medium,  the  luminiferous  ether. 

In  the  development  of  electricity  and  magnetism,  meantime,  the 
FBBnimption  of  media  was  found  to  be  an  eeacntial  —  something  vith- 
^out  which  no  definite  philosophy  of  the  phenomena  was  possible.  At 
first  there  was  the  same  tendency  to  a  multiplicity  of  media  —  there 
were  the  positive  and  negative  electric  fluids,  the  magnetic  fluid,  etc. 
Then  there  grew  up  in  the  fertile  mind  of  Faraday  that  wonderful 
fabric  of  the  scientiho  imagination,  the  electric  field;  the  conception 
upon  wliich  all  later  attempts  to  form  an  idea  of  a  thinkable  mechan- 
isiQ  of  electric  and  magnetic  action  have  been  established. 

It  is  the  object  of  science,  as  has  been  pointed  out  by  Ostwald, 
to  reduce  the  number  of  hypotheses;  the  highest  development 
would  be  that  in  which  a  single  hypothesis  served  to  elucidate  the 
relationa  of  the  entire  uiuverse.  Maxwell's  discovery  that  the  whole 
theory  of  optics  Is  capable  of  exprea-tion  in  terms  identical  with  those 
found  most  convenient  and  suilable  in  electricity,  in  a  word,  that 
optica  may  be  treated  simply  as  a  branch  of  electrumagnettes,  was 

:  first  great  step  towards  such  a  simplification  of  our  fundamental 
r©onceptions.  Tliis  was  followed  by  Herta'a  experimental  demonstra- 
tion of  the  existence  of  artificially  produced  electromagnetic  waves 
in  ever)'  respect  identical  with  light-waves,  an  achievement  which 
served  to  establiah  upon  a  sure  foundation  the  conception  of  a  single 
medium.  The  idea  of  one  universal  medium  as  the  mechanical  basis 
for  all  physical  phenomena  was  not  alt.ogether  new  to  the  theoretical 
pbydcist,  but  the  unification  of  optics  and  electricity  did  much  to 
strengthen  this  conception. 
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The  question  of  the  ultimate  Btructure  of  matter,  an  KaH  already 
been  pointed  out,  is  also  sjieculative  in  the  sense  that  the  mechanL&in 
upon  which  its  properties  are  based  is  out  of  the  range  of  direct 
observation.  For  the  older  chemistry  and  the  older  molecular  physics 
the  aesumplion  of  an  absolutely  simple  atom  and  of  molecules  com- 
posed of  comparatively  simple  groupings  of  such  atoms  sufficed- 
Phy«cal  chemistry  and  that  new  phase  of  molecular  physics  which 
has  been  termed  the  physics  of  the  ion  demand  the  breaking  up  of 
the  atom  into  still  smaller  parta  and  the  clothing  of  these  with  an 
electric  ch;irge.  The  extreme  step  in  this  direction  is  the  suggestion 
of  Liirmor  that  the  electron  m  a  "  disembodied  charge  "  of  negative 
electricity.  Since,  however,  in  the  last  anftlysia,  the  only  conception 
havinR  a  definite  and  intelligible  mechanicfll  basis  which  physicists 
have  been  able  to  form  of  on  electric  charge  is  that  which  regards  it 
as  a  phenomenon  of  the  ether,  this  form  of  speculation  is  biit  a  rettum 
under  another  name  to  views  which  had  earlier  proved  attractive  to 
some  of  the  most  brilliant  minds  In  the  world  of  science,  such  as 
Helmholtz  and  Kelvin.  The  idea  of  the  atom,  as  a  vorte.x  motion 
of  a  perfect  fluid  (the  ether),  and  similar  speculative  conceptions, 
whatever  be  the  precise  form  of  mechanism  imagined,  are  of  the 
same  class  aa  tlie  moving  electric  charge  of  tlie  later  theorists. 

Lodge, '  in  a  recent  article  in  which  he  attempts  to  voice  in  a  pop- 
ular way  the  views  of  this  school  of  thought,  eays: 

"Electricity  under  strain  constitutes  'cfiarge';  electricity  in  hcff 
motion  constitutes  HgtU.  What  electricittf  Uself  is  we  do  not  know, 
biU  it  may,  perhaps,  be  a  form  or  aspect  of  matter.  .  .  .  Now  we  can 
go  one  aiip  further  arid  say,  matter  is  composed  of  eiectrieity  and  of 
noifdng  rise.  .  .  ." 

If  fur  the  word  electricity  in  this  quotation  from  Lodge  we  substi- 
tute ether,  we  have  a  statement  which  conforms  quite  us  wcl!  to  the 
accepted  theories  of  light  and  electricity  aa  bis  original  statement 
does  to  the  newer  ideas  it  is  intended  to  express. 

This  reconstructed  statement  would  read  as  follows: 

Ether  under  strain  constitutes  "charge  ";  ether  in  locomotion  con- 
stitutes current  and  magnetism;  ether  in  vibration  constitutes  light. 
What  etkar  itself  is  we  do  not  know,  but  it  raay,  perhaps,  be  a 
form  or  aspect  of  matter.  Now  we  can  go  one  step  further  and  aay: 
"Matter  ia  composed  of  ether  and  of  nothing  else." 

The  use  of  the  word  electricity,  oe  employed  by  Lodge  and  others, 
is  now  much  in  vogue,  but  it  appears  to  mo  unfortunate.  It  would 
be  distinctly  conducive  to  clearness  of  thought  and  an  avoidance  of 
confusion  to  restrict  the  term  to  the  only  meaning  which  is  free  from 
criticism;  that  in  which  it  is  used  to  designate  the  science  which 
deals  with  electrical  phenomena. 

■  Lodge.  Uarjxr'B  Jkfofranw,  August,  1901,  p.  3S3. 
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The  only  way  in  which  tho  douq  dectricity  onUtra,  in  any  definite 
and  legitimate  manner,  into  our  electrical  trenlises  is  in  tho  deeigna- 
tion  of  Q  in  the  equfitions — 

Q  '^/m,  C  =  Q\E,  W  =  QE.  etc. 
Here  we  are  in  the  habit  —  whether  by  inheritance  from  the  age 
of  the  electric  fluid,  by  reaeon  of  the  hydrodynjimic  analogy,  or  as 
a  matter  of  conventiou  or  of  conveoience  merely  —  of  calling  Q  the 
quanlity  of  dedrkUy. 

Non-  Q  is  "  charge  "  and  its  unit,  the  coulomb,  is  unit-charge.  The 
alternative  expression,  quanHty  of  dectricity,  is  a  purely  coDvoutionaJ 
deeignation  and  without  independent  phyBical  Bigoificauoe.  It  owes 
''its  prevaleuce  among  electricians  to  the  fact  that  by  \'irtue  of  long 
familiarity  we  prefer  to  think  tn  terms  of  matter,  which  is  tangible, 
rather  than  of  ether.  Charge  is  to  be  regarded  as  fundamental,  and 
its  subetitutCt  quantity  of  electricity,  as  merely  an  artificial  term  of 
convenience;  because  of  the  former  we  have  a  definite  meclianical  con- 
ception, whereas  we  can  intelligently  define  a  quantity  of  electricity 
only  in  terms  of  charge. 

In  the  science  of  heat  the  case  differs,  in  that  the  term  heat  ia  used, 
if  not  as  precisely  B>'nonymou8  with  energy,  at  least  for  a  quantity 
having  the  same  dimensions  as  cncrg>'  and  having  as  its  unit  the  erg. 
It  might  easily  have  happened,  as  has  happened  in  electrical  theory', 
that  the  ancient  notion  of  a  hetU  tubstance  should  survive,  in  which 
cose  we  should  have  had  for  the  quantity  of  heat  not  something 
measured  in  terms  of  energ>-,  but,  as  in  the  case  of  electricity,  one  of 
the  terms  which  enter  into  our  expression  for  energy.  We  should 
then  have  had  to  etniggle  oontimially,  in  thermodynamics,  as  we 
now  do  in  electrical  theory,  against  the  tendency  to  revert  to  an 
antiquated  and  abandoned  view. 

It  would,  I  cannot  but  think,  have  been  fortunate  had  the  word 
electricity  been  used  for  what  we  now  call  electrical  energy;  using 
charge,  or  some  other  convenient  designation,  For  the  quantity  Q. 
That  aspect  of  the  science  in  accordance  with  which  we  regard  it 
u  a  branch  of  energetics  in  which  movements  of  the  ether  are  pri- 
marily involved  would  have  been  duly  emphasized.  We  should  have 
been  quit  forever  of  the  bad  notion  of  electricity  us  a  medium,  just 
U  we  are  already  freed  from  tlie  incubus  uf  heat  as  a  medium.  We 
abould  have  had  electricity  —  a  mode  vj  motion  (or  stress),  ethtr,  as 
we  have  heat  — a  mcde  of  mt^ion  of  malier.  When  our  friends  naked 
ns:  "  What  is  electricity?"  we  should  have  had  a  ready  answer  for 
tbem  instead  of  a  puzzled  smile. 

One  real  advance  which  has  been  attained  by  raean.s  of  the  theory 

of  ionization,  and  it  is  of  extreme  significance  and  of  far-reacliing 

importance,  consists  in  the  discovery  that  dectrification,  or  the  pos- 

[■eedon  of  charge,  instead  of  being  a  casual  or  occidental  property, 
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temporarily  imparted  by  friction  or  other  process,  is  r  fundamental 
property  of  matter.  According  to  this  newer  conception  nf  matter, 
the  fniit  of  the  ionic  theory,  the  ultimatjO  parts  of  matter  are  elec- 
tricully  cliurged  particles.    In  the  language  of  Rutherford:  * 

"It  must  then  be  supposed  that  the  process  of  ionization  in  gaai 
consists  in  a  removal  of  a  negative  corpuscle  or  electron  from  thft' 
molecule  of  gns.   At  atmospheric  pressure  this  corpuscle  immediately 
becomes  the  centre  of  nn  aggregation  of  molecules  which  moves 
witlt  it  and  is  the  negative  ion.  After  removal  of  the  negative  ion ' 
the  molecule  retains  a  positive  charge  and  probably  also  becomes 
the  centre  of  a  cluster  of  new  molecules. 

"  The  declron  or  corpuscU  is  the  body  of  smallest  mass  yet  known 
lo  science.  It  carries  a  negative  charge  of  3.4  X  10~'"  electroatatic 
units.  Its  presence  has  only  been  detected  when  in  rapid  motion, 
when  it  has  for  speeds  up  to  about  10"*  cms.  a  second,  an  apparent 
mass  m  given  by  e/m  —  1.86X10'  electromagnetic  units.  This 
apparent  mass  increases  with  the  speed  as  the  velocity  of  tight  is 
approached." 

At  low  pressures  the  electron  appears  to  lose  its  load  of  cluster- 
ing molecules,  so  that  finally  the  negative  ion  becomea  identical 
with  the  electron  or  corpuncle,  and  has  a  mass,  according  to  the 
estimates  of  J.  J.  Thomson,  about  one  thousandth  of  that  of  the 
hydrogen  atom.  The  positive  ion  is,  however,  supposed  to  remain 
of  atomic  size  even  at  low  pressures. 

The  ionic  theory  and  the  related  hypothesis  of  electrolytic  dis- 
sociation afford  a  key  to  numerous  phenomena  concerning  which 
no  adequate  or  plausible  theories  had  hitherto  been  formed.  Ky 
means  of  them  explanations  have  been  found,  for  example,  of  such 
widely  divergent  matters  as  the  positive  electric  charge  known  to 
exist  in  the  upper  atmoHphere,  and  the  perplexing  phenomena  of 
fluoresc^ence, 

The  evidence  obtained  by  J.  J.  Thomson  and  other  students  o£ 
ionization,  that  electrons  from  different  substances  are  identical, 
has  greatly  strengthened  the  conviction  which  for  a  long  time  has 
been  in  proce.s8  of  formation  in  the  minds  of  physicists,  that  all 
matter  is  in  its  ultimate  nature  identical.  This  conception,  neces- 
sarily speculative,  has  been  held  in  abeyance  by  the  facts,  regarded 
as  established,  and  lying  at  the  foimdation  of  the  accepted  system 
of  chemistry,  of  the  conservation  of  matter  and  the  intransmut- 
ability  of  the  elements.  The  phenomena  observed  in  recent  invcBti- 
gations  of  radioactive  substances  have,  however,  begun  to  shako  our 
faith  in  this  principle. 

If  matter  js  to  be  regarded  as  a  product  of  certain  operations 
performed  upon  the  ether,  there  is  no  theoretical  difficulty  about 
'  Kutherfoid.  RadiaacHvajf.  p.  &3.  1004. 
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transmutation  of  Rlements,  variation  of  mass,  or  even  the  complete 
disappearance  or  creation  of  matter.  The  absence  of  such  phe- 
□omenn  in  our  experience  has  been  the  reai  dilliculty,  and  if  the 
views  of  students  of  radioactivity  concerning  the  transformations 
undergone  by  uranium,  thorium,  and  radium  are  mibnttnntiated,  the 
doctrines  of  the  conservation  of  msRS  and  matter  which  lie  nt 
the  foundation  of  the  ecience  nf  chemistry  will  have  to  be  modified. 
There  has  been  talk  of  late  of  violations  of  the  principle  of  the  con- 
servation of  energy  in  connection  with  the  phenomena  of  radio- 
activity, but  the  conservation  of  matter  is  far  more  likely  to  lose  its 
place  UDong  our  fundamental  conceptions. 

Tbe  development  of  physics  on  the  speculative  side  has  led,  then, 
lo  tbe  idea>  gradually  become  more  deBnile  and  6xed,  of  a  universal 
medium,  the  existence  of  which  is  a  matter  of  inference.  To  this 
medium  properties  have  been  assigned  which  are  such  as  to  enable 
us  to  form  an  intelligible,  consistent  conception  of  the  mechanism  by 
means  of  which  phenomena,  tlie  mechanics  of  which  is  not  capable  of 
direct  observalion.  may  be  logically  considered  to  be  produced.  The 
great  step  in  this  speculation  baa  been  tlie  discovery  that  a  single 
medium  may  bo  made  to  serve  for  the  numerous  phenomena  of  optics, 
and  that,  without  ascribing  to  it  any  characteristics  incompatible 
with  a  luniiniferoua  ether,  it  ia  equally  available  for  the  description 
and  explanation  of  electric  and  magnetic  ftelds,  and  tinally  may  kw 
made  the  basis  for  intelligible  theories  of  the  Htructure  of  matter. 

To  many  minds  this  seemingly  universal  adaptability  of  the  eth«r 
to  the  needs  of  pbynics  ulmoHt  removes  it  from  the  Gctd  of  specu- 
lation; but  it  should  not  bo  forgotten  that  a  system,  entirely  imagin- 
ary,may  be  devised, -which  fits  all  the  known  phenomena  and  appears 
to  offer  the  only  satlsifactory  explanation  of  the  facts,  and  which 
subsequently  is  abandoned  in  favor  of  other  views.  The  history  of 
phyKCS  is  ful!  nf  instances  where  a  theory  is  for  a  time  regarded 
aa  final  on  account  of  its  seeming  completeness,  only  to  give  way  to 
eoinething  entirely  different. 

In  this  consideration  of  the  fundamental  concepts  I  have  attempted 
to  distinguish  between  those  which  have  the  positive  character  of 
mathematical  laws  and  which  are  entirely  independent  of  all  theories 
of  the  ultimate  nature  of  matter,  and  those  which  deal  with  the  latter 
questions  and  which  are  essentially  siKCulabive.  1  have  purposely 
refrained  from  taking  that  fiu'thcr  step  which  plunges  us  from  the 
heights  of  physics  into  the  depths  of  philosophy. 

With  the  statement  that  science  in  the  ultimate  analyma  is  nothing 
more  than  on  attempt  to  da$n}y  and  correlate  our  sentatiana  the 
physicist  has  no  quarrel.  It  is,  indeed,  a  wholesome  discipline  for 
him  to  formulate  for  himself  his  own  relations  to  his  science  in  terms 
such  as  those  which,  to  paraphrase  and  translate  very  freely  the 
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opening  passages  of  his  recent  Treaii$e  on  Phytic$,  Chwolson '  has 
employed. 

"For  every  one  there  exist  two  worlds,  an  inner  and  an  outer,  and 
our  senses  are  the  medium  of  commimication  between  the  two.  The 
outer  world  has  the  property  of  acting  upon  our  senses,  to  bring  about 
certain  changes,  or,  as  we  say,  to  exert  certain  stimuli. 

"The  inner  world,  for  any  individual,  consists  of  all  those  phe- 
nomena which  are  absolutely  inaccessible  (so  far  as  direct  observa- 
tion goes)  to  other  individuals.  The  stimulus  from  the  outer  world 
produces  in  our  inner  world  a  subjective  perception  which  is  de- 
pendent upon  our  coneeiousneas.  The  subjective  perception  is  made 
objective,  viz.,  is  assigned  time  and  place  in  the  outer  world  and  given 
a  name.  The  investigation  of  the  processes  by  which  this  objectiv- 
ication  is  performed  is  a  function  of  philosophy." 

Some  such  confession  of  faith  is  good  for  the  man  of  science,  — lest 
he  forget;  but  once  it  is  made  he  is  free  to  turn  his  face  to  the  light 
once  more,  thankful  that  the  inveaigaiion  of  (AjeeHvication  is,  indeed, 
a  function  of  phUoaophy,  and  that  the  only  speculations  in  which  he, 
as  a  physicist,  is  entitled  to  engage  are  those  which  are  amenable  at 
every  step  to  mathematics  and  to  the  equally  definite  axioms  and 
laws  of  mechanics. 

'  ChwolsDD,  Phyik,  vol  I,  Introductioo. 
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vutiL  Physidst,  U.  S.  QooloeiOAl  Survey;  Profeasor  of  Mctooroloey.  11.  S. 
Wefttber Bure&u;  Ptnfeasorof  Flirsica,  Smitliaoiiian  loRtilution;  Mi-iikiinroftho 
NulotulAcadwav  of  Science  of  tW  irriit4KlSUU!Jt;  Vicf^PrMiilpntof  vVmerican 
AsKKwition  for  tne  AdvancBmont  of  Science;  CorrcepoDduig  Member  of  the 
BritUi  AaBodatioD  for  tho  Adrnacetiiciit  of  Science;  Ilononu-y  Member  of  the 
Royal  lastitulion  of  Great  Britain;  Prveideut  vi  AitxTiciiu  Plivaical  Sootcty; 
Rtimford  He<laUttt-  AatboretTheLauiu  of  (ia*f;  The  Pkyrwl  firvjMrtif  «J  At 
Iron  Carhurti*  ;  uid  miaiy  other  boolu;  ceBtrilmtor  to  the  stAndArd  ma^iinefl,] 

YoD  have  honored  mo  by  requesting  at  my  hands  an  account  of 
the  advances  made  in  physics  during  the  niueteenth  century.  1  have 
endeavored,  in  so  far  aa  I  have  been  able,  to  meet  the  grave  respon- 
fnbilities  implied  in  your  invitation;  }-et  had  I  but  thought  of  the 
overwhelmingly  vast  territory  to  be  8ur\-eyed,  I  well  might  have 
hesitated  to  embark  on  so  hazardous  an  undertaking.  To  tuention 
merely  the  namts  of  men  whoee  efTorts  are  linked  with  splendid 
accomplishments  in  the  history  of  modern  physics  would  far  exceed 
the  time  allotted  to  this  address.  To  bear  solely  on  certain  subjecta, 
thoae,  for  instance,,  with  which  I  am  more  familiar,  would  be  to  de- 
velop ao  unsymmctrical  picture.  As  this  is  to  be  avoided,  it  will  bo 
neoeasary  to  present  a  straightforward  compilation  of  all  work  above 
a  certain  eomewhat  vague  and  arbitrar>-  lower  limit  of  importance. 
Physics  ia,  as  a  rule,  making  vigorous  though  partial  progress  along 
independent  parallel  lines  of  investigation,  a  discrimination  between 
which  is  not  possible  until  some  cataclysm  in  the  luHtory  of  thought 
ushers  in  a  new  era.  It  will  be  e^cutial  to  abstain  from  entering 
into  either  explanation  or  cnticism,  and  to  aesurae  that  all  present 
are  familiar  with  the  details  of  the  subjects  to  l^e  treated.  I  can 
neither  popularize  nor  can  I  cndcaror  to  entertain,  except  in  so 
far  as  a  rapid  review  of  the  glorious  conquests  of  the  century  may  be 
stimulating. 

Id  spite  of  all  this  simplicity  of  aim,  there  is  bound  to  be  distortion. 
Id  any  brief  account,  the  men  working  at  the  beginning  of  the  cen- 
tury, when  inventigaiions  were  few  and  tlic  principles  evolved  neces- 
sarily fundamental,  wilt  be  given  greater  consideration  than  equally 
able  and  abler  investigations  near  the  close,  when  workers  (lot  us  be 
thankful)  were  many,  and  the  subjects  lengthening  into  detail. 
A^aia,  the  higher  order  of  genius  will  usually  be  additionally  exalted 
at  the  expense  of  the  less  gifted  thinker.  I  can  but  regret  that  these 
ue  the  inevitable  limitations  of  the  cursory  treatment  prescribed. 
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As  time  rolls  on.  the  greatest  names  more  and  more  fullj-  abeorb  the 
activity  of  a  whole  epoch. 

Metrohffy 

Finfllly.  it  will  hardly  be  possible  to  consider  the  great  advancoB  ■ 
made  in  physics  except  on  the  theoretical  side.  Of  rennwned  experi-* 
menta.1  ro?carche»,  In  particular  of  the  investigatinns  of  the  con- 
stants of  nature  to  a  degree  of  ever-increasing  accuracy,  it  is  not  prac- 
ticable to  give  any  adequate  accotuit.  Indeed,  tlie  refinement  and 
precision  now  demanded  have  placed  many  subjects  beyond  the 
reach  of  individual  experimental  research,  and  have  culminated  in 
the  establishment  of  the  f^at  national  or  international  laboratories 
of  investigntion  nt  Sevres  (1872),  at  Berlin  (1887,  1890),  nt  London 
(190O),  at  Washington  (1901).  The  introduction  of  uniform  inter- 
national units  in  easesof  the  arts  and  sciences  of  more  recent  develop- 
ment is  gradually,  but  inexorably,  urging  the  same  advantages  on 
all.  Finally,  the  access  to  adequate  instruments  of  research  has 
everywhere  become  an  easier  possibility  for  those  duly  qualified,  and 
the  institutions  and  academies  which  arc  systematically  undertaking 
the  distribution  of  the  means  of  research  are  continually  increasing 
in  strength  and  in  number. 

Clasaijicalion 

Tn  the  present  paper  it  will  be  advisable  to  follow  the  usual  pro- 
cedure in  phj'sics,  taking  in  order  the  advances  madt'  in  dynamics, 
acoustics,  heat,  light,  and  electricity.  The  plan  pursued  will,  there- 
fore, specificatly  consider  the  progress  in  elastics,  crystallography, 
capillarity,  solution,  diffusion,  dynamics,  ^cosity,  hydrodynamics, 
acoustics;  in  thermometry,  calorimetry,  thermodynamics,  kinetic 
theory,  thermal  radiation;  in  geometric  optics,  dispersion,  photo- 
metr>',  fluorescence,  pbolochemistry,  interference,  di0raction,  polar- 
ization, optical  media;  in  electrostatics,  Voltn  contacts,  Sccbock 
contacts,  electrolysis,  electric  current,  magnetism,  elcctromagnctism, 
electrodynamics,  induction,  electric  oscillation,  electric  field,  radio- 
activity. 

Surely  this  la  too  extensive  a  field  for  any  one  man!  Few  who  are 
not  physicists  realize  that  each  of  these  divisions  has  a  splendid  and 
voluminous  history  of  development,  its  own  heroes,  its  sublime  class- 
ics, often  culled  from  the  activity  of  several  hundred  years.  I  repeat 
that  few  understand  the  unmitiKatedly  fundamental  character,  the 
scope,  the  vast  and  profound  intellectual  possessions,  of  pure  physics; 
few  think  of  it  as  the  one  science  into  which  all  other  >4cienccs  must 
ultimately  converge  —  or  a  separate  representation  would  have  been 
given  to  most  of  the  great  divisions  which  I  have  named. 
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Hence  even  if  the  literary  references  mfiy  be  given  in  print  with 
some  fullneas,  it  is  impo^ible  to  refer  verbally  to  more  than  the  chief 
actors,  and  quite  impo^Bibie  to  delineate  sharply  the  real  significance 
and  the  relations  of  what  has  been  done.  Moreover,  the  dates  will  in 
most  instances  have  to  be  omitted  from  the  reading.  It  has  been  my 
'aim,  however,  to  collet-l  the  greater  pajJers  in  the  historj-  of  physics, 
and  the  suggestion  is  implied  that  science  would  gain  if  by  some 
august  tribunal  researches  of  commanding  importance  were  formally 
canonized  for  the  benefit  of  posterity. 


Ela3tic8 

To  begin  with  elasticity,  whose  development  hae  been  of  such 
marked  influence  throughout  the  whole  of  physics,  we  note  that  the 
:  theory'  is  virtually  a  creation  of  the  nineteenth  century.  Antedating 
Thomas  Young,  who  in  1807  gave  to  the  subject  the  useful  concep- 
tion of  a  modulus,  and  who  seems  to  have  definitely  recognized  the 
shear,  there  were  merely  the  experimental  contribution  of  Galileo 
(163S),  Hooke  (1660),  Mariotte  (18S0),  the  elastic  curve  of  J.  Ber- 
noulli (1705),  the  elementary  treatment  of  vibrating  bars  of  Eulcr 
and  Bernoulli  (1742),  and  an  attempted  analysis  of  tiexure  and  tor- 
sion by  Coulomb  (1776). 

The  establishment  of  a  theory  of  (Elasticity  on  broad  lines  begins 
almost  at  a  bound  with  Navier  (1821),  reasoning  from  a  molecular 
hypothesis  to  the  equation  of  elastic  dtsplnccment  and  of  elastic  po- 
tential encrg}'  (1822-1827);  yet  this  Bt.trtling  advance  was  destined 
to  be  soon  discredited,  in  the  light  of  the  brilliant  generalizations  of 
Cauchy  (1827).  Tohim  we  owe  the  f«x  component  stresses  and  the  six 
component  strains,  the  stress  quadric  and  the  strain  qundric,  the 
reduction  of  the  components  to  three  principal  streeses  and  three 
principal  strains,  the  ellipsoids,  and  other  of  the  indispensable  con- 
ceptions of  the  present  day.  Cauchy  reached  his  equations  both  by 
the  molecular  hypothesis  and  by  an  analysis  of  the  oblique  stress 
rAeross  an  interface,  —  methods  which  predicate  fifteen  constants  of 
■  dasticity  in  the  most  general  case,  reducing  to  but  one  in  the  case 
of  isotroj^.  Contemporaneous  with  Caucby's  results  are  certain  in- 
dependent researches  by  Lam4  and  (Hapeyron  (1S2S)  and  by  Poisson 
(1S20). 

Another  independent  and  fundamental  method  in  elastics  vas 
introduced  by  Green  (1S37).  who  took  as  his  point  of  departure 
the  potential  energy  of  a  conservative  system  in  connection  with  the 
Lagrangian  principle  of  virtual  displacements.  This  method,  which 
has  been  fruitful  in  the  hands  of  Kelvin  (1856),  of  KirchhofT  (IS76). 
of  Neumann  (1885),  leads  to  equations  with  twenty-one  constants 
for  the  EEolotropie  medium  reducing  to  two  in  the  simplest  case. 
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The  wave-motion  in  an  isotropic  medium  wns  first  deduced  by 
PoiBBon  in  1823,  ahowing  the  occurrence  of  loagitudinal  and  trans* 
verse  waves  of  different  velocities;  the  general  problem  of  wave- 
motion  in  Eeolotropio  media,  though  treated  by  Green  (1842),  was 
attacked  with  requisite  power  by  Blanchet  (184Q-1812)  and  by 
Christoffel  (1877). 

PoiEson  also  treated  the  case  of  radial  vibrations  of  a  sphere  (1828) , 
a  problem  which,  without  this  restriction,  awaited  the  sulutionB  of 
Jaerisch  (1879)  and  of  Lamb  (1882).   The  theory  of  the  free  vibra- 
tions of  solids,  however,  is  a  generalization  due  to  Clebech  (1857-58, 
VorieauTigen,  IS62). 

Elasticity  received  a  final  phenomenal  advance  through  the  long- 
continued  labors  of  de  St.  Venont  (1839-55),  which  in  the  course  of 
his  editions  of  the  work  of  Moigno,  nf  Navier  (1863),  and  of  Clebsch 
(1864),  effectually  overhauled  the  whole  subject.  He  was  the  first  to 
assert  adequately  the  fundamental  importance  of  the  shear.  The  pro- 
found researches  of  de  St.  Vcnant  on  the  torsion  of  priema  and  on  the 
flexure  of  prisms  appeared  in  their  complete  form  in  IS55  and  1S56. 
In  both  cases  the  right  sections  of  the  stressed  solids  are  shown  to 
be  curved,  and  the  curvature  is  succinctly  specified;  in  the  former 
Coulomb's  inadequate  torsion  formula  is  superseded,  and  in  the  tatter 
flexural  stress  is  reduced  to  a  transverse  force  and  a  couple.  But 
these  mere  statements  convey  no  impression  of  the  magnitude  of 
the  woric. 

Among  other  notable  creations  with  a  special  bearing  on  the  theory 
of  elasticity  there  ia  only  time  to  mention  the  invention  and  applica- 
tion of  curvilinear  cofirdinntes  by  Lam<S  (1852);  the  reciprocal  the- 
orem of  Bett:  (lS72),  applied  by  Cerruti  (1SS2)  to  solids  with  a  plane 
boundary  —  problems  to  which  Lam^  and  Clapeyron  C182S)  and 
BouBsineeq  (1879-85)  contributed  by  other  methods;  the  oaee  of 
the  strained  sphere  studied  by  Lam€  (1854)  and  others;  KirchhoS'a 
flexed  plate  (1850);  Rayteigh's  treatment  of  the  oscillations  of 
systems  of  finite  freedom  (1873);  the  thermo-elastic  equations  of 
Duhamel  (183S),  of  F.  Neumann  (1841),  of  Kelvin  (1878);  Kelvin's 
analogy  of  the  torsion  of  prisma  with  the  supposed  rotation  of  an 
incompressible  fluid  within  (1878);  his  splendid  investigations 
(1S63)  of  the  dynamics  of  elaatic  apheroida  and  the  geophysical 
applications  to  which  they  were  put. 

Finally,  the  battle  royal  of  the  molecular  school  following  Navier, 
Poisson,  Cauchy,  and  championed  by  de  St.  Venant,  with  the  disciples 
of  Green,  headed  by  Kelvin  and  ICirchhofE,  —  the  struggle  of  the  fif- 
teen constants  with  the  twenty-one  constants,  in  other  words,  — 
seems  to  have  tempurarily  subsided  with  a  victory  for  the  latter 
through  the  researches  of  Voigt  (lt>87-S9). 
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Theoretical  crj-staJtography,  approaclied  by  Steno  (1669),  but 

formally  founded  by  HaiJy  (17S1,  Traits,  1801),  h&s  limited  ita 

Ldevelojiment  during  the  century   t<i   8>'stcma.tic  clussificationti  of 

'form.  Thus  the  thirty-two  typo  sets  of  Htascl  (1830)  and  of  BruvaiB 

(ISfiO)  have  expanded  into  the  vaons  extensive  point  ecries  involving 

230  types  due  to  Jordan  (1S68),  Sohncke  C1876),  Kedoiow  (1S90), 

and  Schoenfliess  (ISOI).    Physical  theories  of  cryst&lliae  form  have 

[■carcely  been  unfolded. 


Capmanty 

Capillarity  antedated  the  century  in  little  more  than  the  provi* 
aonal,  though  brilliant,  treatment  duo  to  Cloiraut  (1743).  The 
,  tbeor}'  arose  in  almost  its  pregoot  atate  of  perfection  in  the  great 
'memoir  of  Laplace  (1S05),  one  of  the  most  bciutiful  ejiamplea  of 
the  Newton-Boecovichian  (1758)  molecular  dynamics.  Capillary 
pressure  was  here  shown  to  vary  with  the  principal  radii  of  curva- 
ture of  the  exposed  surface,  in  an  equation  involving  two  constants, 
one  dependent  on  the  liquid  only,  the  other  doubly  speci&o  for  the 
bodies  in  contact.  Integrations  for  special  conditions  include  the 
'  eases  of  tubes,  plates,  drops,  contact  angle,  and  similar  instances. 
Gauss  (1820),  dissatisSed  with  Laplace's  method,  virtually  repro- 
duced the  whole  theory  from  a  new  basLs,  avoiding  molecular  forces 
in  favor  of  Lagrangian  displacements,  while  Poisson  (1831)  obtained 
Laplace's  equatiooB  by  actually  accentuating  the  molecular  hypo- 
theeia;  but  his  dcmonetration  has  since  been  discredited.  Young 
in  1805  explained  capillary  phenomena  by  postulating  a  constant 
•urfaee  tension,  s  method  which  has  since  been  popularized  by  Uax- 
well  {Heal,  1872). 

With  these  magnifcent  theories  propounded  for  guidance  at 
the  very  threshold  of  the  century,  one  is  prepared  to  anticipate  the 
wealth  of  experimental  and  detailed  theoretical  research  which 
has  been  devoted  to  capillarity.  /Vmong  those  the  fascinaiing  mono- 
graph of  Plateau  (1873),  in  which  the  consequences  of  theory  are 
teBt«d  by  tbe  behavior  both  of  liquid  lamellic  and  by  suspended 
masMB,  Savart's  (1833),  and  particularly  Rayleigh's,  regearches 
with  jets  (1S7&-83),  Kelvin's  npplea  (1871),  may  be  cited  as  typ> 
ical.  Of  peculiar  importance,  quite  apart  from  its  meteorological 
bearing,  is  Kelvin's  deduction  (1S70)  of  the  interdependence  of  sur- 
face tension  and  v&poT  pressure  when  varying  with  the  curvature  of 
a  droplet. 
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Diffvaion 

Diffudtm  was  formally  introduced  into  physics  by  Grflham  (1850). 
Fick  (185&),  appreciating  the  analogy*  of  diffusion  and  heat  conduc- 
tion, placed  the  phenomenon  on  a  satisfactory  theoretical  basis,  and 
Fick'a  law  has  since  been  rigorously  tested,  in  particuliir  by  H.  F. 
Weber  (1879). 

The  development  of  diffusion  from  a  physical  point  of  view  fol- 
lowed I'fcffer's  discovery  (1S77)  of  osmotic  pressure,  soon  after 
to  be  interpreted  by  van  't  HofT  (1887)  in  terms  of  Boyle's  and 
Avogadro's  taws.  A  molecular  theory  of  diffusion  was  thereupon 
given  by  Ncrnst  (1887). 

In  puTo  dynamics  the  nineteenth  century  inherited  from  the 
eighteenth  that  unrivaled  feat  of  reaeoning  called  by  Lagrange 
the  Mfcaniqiic  anahjtique.  (17SS),  and  the  great  master  was  present 
as  far  as  1813  to  jmint  out  its  resourcea  and  to  watch  over  the  legit- 
imacy of  its  applications.  Throughout  the  whole  century  each  new 
advance  has  but  vindicated  the  preeminent  power  and  safety  of 
its  methods.  It  triumphed  with  Maxwell  (1864),  when  he  deduced 
the  concealed  kinetics  of  the  electromagnetic  field,  and  with  Gibbs 
(1876-78),  when  he  adapted  it  to  the  equilibrium  of  chemical  sys- 
tems. It  will  triumph  again  in  the  electromagnetic  dynamics  of 
the  future. 

Naturally  there  were  reactions  against  the  tyranny  of  the  method 
of  "liaiHonfi."  The  most  outspoken  of  these,  propounded  under  the 
protection  of  Laplace  himself,  was  the  celebratfid  M^canique  phy- 
sitpie  of  Poisson  (182S),  an  accentuation  of  Boscovich's  (1758) 
dynamics,  which  permeates  the  work  of  Navier,  Cauchy,  de  St. 
Veaant,  Boussinesq,  even  Fresnel,  Ampere,  and  a  host  of  others. 
Cauchy  in  particular  spent  much  time  to  reconcile  the  molecular 
method  with  the  Lagrangian  abstractions.  But  Poisson's  method, 
though  sustained  by  such  splendid  gentua,  has,  nevertheless,  on 
more  than  one  occasion  —  in  capillarity,  in  elastics  —  shown  itself 
to  be  untrustworthy.  It  was  rudely  shaken  when,  with  the  rise  of 
modem  electricity,  the  influence  of  the  medium  was  more  and  more 
ptuhcd  to  the  front. 

Another  complete  reconstruction  of  dynamics  is  due  to  Thomson 
and  Tait  (ISfiT),  in  their  endeavor  to  gain  clearness  and  uniformity 
of  design,  by  referring  the  whole  subject  logically  back  to  Newton. 
This  great  work  is  the  first  to  make  systematic  use  of  the  doctrine 
of  the  ennservation  of  energ>". 

Finally,  Hertz  (1894),  imbued  with  the  general  trend  of  con- 
temporaneous thought,  made  a  powerful  effort  to  exclude  force 
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ocd  potential  energy  from  dyDamica  altogether — postulating  a  uni- 
verse of  concealed  motions  such  as  Ilelmholtz  (18S4)  had  treated 
in  his  thoorj'  of  cyclit-  systems,  and  Kelvin  had  conceived  in  hia 
adynamic  gyroatatJc  ether  (1890).  lu  fact,  the  introduction  of  con- 
cealed systems  and  of  ordered  molecular  motions  by  Helmholtz  and 
Boltsmann  has  proved  most  potent  in  justifying  the  Lngrangian 
dynamics  in  its  application  to  the  actual  motions  of  nature. 

The  specific  contributions  of  the  fiist  rank  which  dynamics  owes 
to  the  lost  century,  engroi^sed  as  it  was  with  the  applications  of  the 
subject,  or.  with  its  mathematical  difTiculttes,  are  not  numerous. 
Id  chronolo^cal  order  we  recall  naturally  the  statics  (1804)  and 
the  rotational  dynamics  (1834)  of  Poiusot,  all  in  their  geometrical 
character  so  surprisingly  distinct  from  the  contemporary  dynamics 
of  Lagrange  and  Laplace.  Wc  furtlier  recall  Gauss's  principle  of 
leaijt  constrajnt  (.IS'29),  but  little  used,  though  often  in  its  appli- 
cations superior  to  the  method  of  displacement;  Hamilton's  piin- 
ciple  of  varying  action  (1834)  and  his  fharacteristic  function  (1834, 
1836),  the  former  obtainable  by  an  eaay  tranKiLioii  from  D'Alem- 
bert's  principle  and  by  contrast  with  Gauss's  principle,  of  such 
exceptional  utility  in  the  development  of  modem  physics;  finally 
the  development  of  the  Leibnitaian  doctrine  of  work  and  vi$  viva 
into  the  law  of  the  conservation  of  cnerg}*,  which  more  than  any 
other  principle  has  consciously  pervuded  the  progress  of  the  nine- 
teenth century.  Clausius's  theonsm  of  the  ViTial  (1870)  and  Jacobi's 
(1S66)  contributions  should  W  added  among  others. 

The  potential,  though  contained  expliritly  in  the  writings  of 
'Lsgrango  (1777),  may  well  be  claimed  by  the  lust  century.  The 
differential  equation  underlying  the  doctrine  had  already  been 
given  by  Laplace  in  1782,  but  it  was  subsequently  to  be  completed 
by  Poiflson  (1827).  Gauss  (1813,  1839)  contributed  his  invaluable 
theorems  relaUve  to  the  surface  integrals  and  force  flux,  and  Stokes 
(1SS4)  his  equally  important  relation  of  the  line  and  the  surface 
jntcp-al.  LcKcndre  (published  1785)  and  Laplace  (1782)  were  the 
first  to  apply  spherical  harmonics  in  expansions.  The  detailed  devel- 
opment of  volume  surface  and  tine  potential  has  enlisted  many 
of  the  ablest  writers,  among  whom  Chasles  (1837,  1839,  1842), 
Helmholtz  (1853), C.  Neumann  (1877, 1880),Lejeune-Dirichlet  (1876), 
Murphy  (1S33),  and  others  are  prominent. 

The  gradual  growth  of  the  doctrine  of  the  potential  would  have 
been  accelerated,  had  not  science  to  its  own  li^es  overlooked  the 
famous  essay  of  Green  <1828),  in  which  many  of  the  important 
theorems  were  anticipated,  and  of  which  Green's  theorem  and 
Green's  function  are  to-day  familiar  romindors. 

Recent  dynamists  incline  to  the  uses  of  the  methods  of  modem 
Seontetry  and  to  the  vector  calculus  with  continually  increasing 
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favor.  Noteworthy  progress  wae  first  made  in  this  diroction  by 
Uoebius  (1837-43,  Statik,  183S),  but  the  power  of  theso  methods 
to  be  fully  appreci&ted  required  the  invention  of  the  Ausdehnungs- 
lehre,  by  Grasamann  (1844),  and  of  quaternions,  by  Hamilton  (1S53). 

Finally  the  profound  iDvestigations  of  Sir  Robert  Ball  (1871, 
d  $eg.,  Treatise)  on  the  theory  of  screvre  with  ita  immediate  dynaoiical 
applications,  though  as  yet  but  little  cultivated  except  by  the  author, 
must  be  reckoned  among  the  promising  heritages  of  the  twentieth 
century. 

On  the  experimental  side  it  is  possible  to  refer  only  to  researches 
of  a  strikingly  original  character,  like  Foucault's  pendulum  (1861) 
and  Fizeau's  gyrostat;  or  like  Boya's  (1887,  et  seq.)  remarkable 
quartz-fibre  toreion-balanoe,  by  which  the  Newtonian  constant 
of  gravitfttion  and  the  mean  density  of  the  earth  originally  deter- 
mined by  Maskelyue  (1775-78)  and  by  Cavendish  (1798)  were  evalu- 
ated with  a  precision  probably  superior  to  that  of  Uie  other  recent 
measuremeota,  the  pendulum  work  of  Airy  (1856)  and  Wilsing 
(1885-87),  or  the  balance  methods  of  Jolly  (1881),  Konig,  and 
Richarz  (1884).  Extensive  transcontinental  gravitational  surveys 
like  that  of  Mendenhall  (1895)  have  but  begun. 

Hydrodynamict 

The  theory  of  the  equilibrium  of  liquids  was  well  understood 
prior  tg  the  century,  even  in  the  case  of  rotating  fluids,  thanks  to 
the  labors  of  Maclaurin  (1742),  Clairaut  (1743).  and  Lagrange  (1788). 
The  gcacrnlizfttions  of  Jacobi  (1S34)  contributed  the  triaxial  ellip- 
soid of  revolution,  and  the  case  bus  been  extended  to  two  rotating 
attracting  mnescs  by  Poincar6  (18S5)  and  Darwin  (18S7).  The 
astonishing  revelations  contained  in  the  recent  work  of  Poincar^ 
are  particularly  noteworthy. 

Unlike  elastics,  theoretical  hydrodynamics  passed  into  the  nine- 
teenth centurj'  in  a  relatively  well-developed  state.  Both  types  of 
the  Eulerisu  equations  of  motion  (1755,  1750)  had  left  the  hands 
of  Lagrange  (1788)  in  their  present  form.  In  relatively  recent  times 
H.  Weber  (1868)  transformed  them  in  a  way  combining  certain 
advantagea  of  both,  and  another  transformation  was  undertaken 
by  Clebsch  (1859).  Hankel  (1861)  modified  the  equation  of  con- 
tinuity, and  Svanberg  and  Ediund  (1847)  the  surface  conditions. 

Helniholtz  in  hie  epoch-making  paper  of  1868  divided  the  subject 
into  those  classes  of  motion  (Ouw  in  Lubes,  streams,  jeis,  waves) 
for  which  a  velocity  potential  exists  and  the  vortex  motions  for 
which  it  does  not  exist.  This  classihcatlon  was  carried  even  into 
higher  orders  of  motion  by  Craig  and  by  Rowland  (1881).  For  cases 
with  a  velocity  potential,  much  progress  has  been  made  during 
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tbe  cectiuy  in  the  treatment  of  waves,  of  discontinuous  fluid  icotion, 
and  ID  the  dynamics  of  solida  su!<pended  in  fnctionle«s  liquids. 
Kelland  (1S44),  Scott  Rufieel  (ISM),  imd  Green  (1837)  dealt  with 
the  motion  of  progressive  waves  in  relatively  shallow  vessels,  Ger- 
stcr  (1804)  and  Rankine  (1863)  with  progressive  waves  in  deep  water, 
while  Stokee  (1846, 1847,  18S0),  after  digesting  the  contemporaneous 
advancefl  in  hydrodynainics,  brought  his  powerful  mind  to  bear 
on  most  of  tbe  outstanding  difficulties.  Kelvin  introduced  the  case 
of  ripples  (1871),  afterwards  treated  by  Rayleigh  (1883).  The  fioli- 
tary  wave  of  Russel  occupied  Bousslnesq  (1872,  18S2),  Rayleigb 
(1S76),  and  others;  group-wavea  were  treated  by  Reynolds  (1877) 
and  Rayleigb  (1870).  Finally  the  theory  of  stationary  waves  re- 
ceived extended  attention  in  the  writings  of  de  St.  Venant  (1871), 
Kirchhoff  (1879),  and  Greechill  (1887).  Early  cx|3erlment.al  guid- 
ance was  given  by  the  clasaic  researches  of  C.  H.  and  W.  Weber 
(1825). 

The  occurrence  of  discontinuous  variation  of  velocity  within  the 
liquid  was  Iirst  fully  appreciated  by  Hehuhultz  (1868),  later  by 
Kirchhoff  (1869),  Rayleigh  (1876),  Voigt  (1S85),  and  others.  It  lends 
itself  well  to  confurmol  nipnasentatiotis. 

The  motions  of  solids  witbiu  a  liquid  have  faecinatcd  many  invea- 
tigators,  and  it  is  chiefly  in  connection  with  this  subject  that  the 
method  of  Bourccs  and  sinks  was  developed  by  English  mathcma- 
ticians,  following  Kelvin's  method  (1856)  for  the  flow  of  hcjit.  The 
problem  of  the  sphere  was  solved  more  or  less  completely  by  Poisson 
(1832),  Stokes  (1843),  Dirichlet  (1852);  the  problem  of  the  ellip- 
Boid  by  Green  (t833),C]eb«ch  (]S5S),generalized  by  Kirchhoff  (1869). 
Kankine  treated  the  tranelatory  motion  of  cylinders  and  ellipsoids 
in  a  way  bearing  on  the  rcsiotance  of  ships.  Stokoe  (1843)  and  Kirch- 
hoff  entertain  the  question  of  more  than  one  body.  The  motion 
of  rings  has  occupied  Kirchhoff  (1860),  Boltzmann  (1871),  Kelvin 
(1871),  Djerkncs  (1879),  and  others.  The  results  of  C.  A.  Bjerknes 
(IS68)  on  the  fields  of  bydrodynamic  force  surrounding  spheres, 
pulsating  or  oscillating,  in  translatory  or  rotational  motion,  accents 
uate  tbe  remarkable  similarity  of  these  Belds  with  the  corresponding 
CAMS  in  electricity  and  magnetism,  and  have  been  edited  in  a  unique 
ZDOBOgrapb  (1900)  by  hie  son.  In  a  special  category  belong  certain 
powerful  researcfacs  with  a  practical  bearing,  such  as  the  modem 
treatment  of  ballistics  by  Greenhill  and  of  the  ship  propeller  of 
Ressel  (1826),  summarized  by  Gerlach  (1885,  1886). 

Tbe  numerous  contributions  of  Kelvin  (18S8,  1880)  in  particular 
bftve  thrown  new  light  on  the  difficult  but  exceedingly  important 
question  of  tbe  stability  of  fluid  motion. 

The  century,  moreover,  has  extended  tbe  working  theory  of  the 
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tides  due  to  Newton  (L0S7]  and  Laplace  (1774),  through  the  labors 
of  Airy,  Kelvin,  and  Darwin. 

Finaliy  the  forbidding  gubject  of  vortex  motion  was  gradually 
approached  more  and  more  fully  by  Lagrange,  Cnuuby  (1815,  1827), 
Svanberg  (1839),  Stokes  (1845);  but  the  epoch-making  integrations 
of  the  differential  equations,  together  with  eingularly  clear-cut  inter- 
pretations of  the  whole  subject,  are  duetoHelmholts  (185S).  Kelvin 
(1867,  1S83)  soon  recognized  the  importance  of  Helmholtz's  work 
and  extended  it,  and  further  advance  came  in  particular  from  J.  J. 
Thomson  (1883)  and  Beltrami  (1875).  The  conditions  of  stability 
in  vortex  motion  were  considered  by  Kelvin  (1S80),  Lamb  (1878), 
J.  J.  Thomson,  and  others,  auJ  the  cases  of  one  or  more  columnar 
vortices,  of  cylindrical  vortex  sheets,  of  one  or  more  vortex  rings, 
simple  or  linked,  have  all  yielded  to  treatment. 

The  indestructibility  of  vortex  motion  in  a  frictionlese  fluid,  its 
open  structure,  the  occurrence  of  reciprocal  forces,  were  compared 
by  Kelvin  (1867)  with  the  essential  properties  of  tlie  atom.  Others 
like  Fitzgerald  in  his  cobwebbed  ether,  and  Hicks  (1885)  in  hia  vortex 
sponge,  have  found  in  the  properties  of  vortices  a  clue  to  the  pos- 
sible structure  of  the  ether.  Yet  it  has  not  been  possible  to  deduce 
the  principles  of  dynamics  from  the  vortex  hypothesis,  neither  is  the 
property  which  typifies  the  mass  of  an  atom  cleitrly  discernible. 
Kelvin  invokes  the  corpuscular  hypothesis  of  Lesage  (1818). 

Viacoaiti/ 

The  development  of  viscous  Bow  is  largely  on  the  experimental 
side,  particularly  for  solids,  where  Wober  (1835),  Kohlrauach  (1863, 
et  Sfq-),  and  others  have  worked  out  the  main  laws.  Stokos  (1845) 
deduced  the  full  equations  for  liquids.  Poiseiulle'e  law  (1847),  the 
motion  of  small  solids  in  viscous  liquids,  of  vibrating  plates,  and  other 
im,portant  special  cases,  haa  yielded  to  tTcatment.  The  coefficients 
of  viscosity  defined  by  Poisson  (1S31),  Maxwell  (IS68),  Hagcnbach 
(1860),  O.  E.  Meyer  (1863),  are  exhaustively  investigated  for  gases 
and  for  liquids.  Maxwell  (1877)  has  given  the  moat  suggestive  and 
BoUzmann  (1876)  the  most  carefully  formulated  theory  for  solids, 
but  the  investigation  of  absolute  data  has  but  begun.  The  difficulty 
of  reconciling  viscous  Sow  with  Lagrange's  dynamics  seems  first  to 
have  been  adjusted  by  Navier. 

Aeromeehaniet 

Aerostatics  is  indissolubly  linked  with  thermodynnmies.  Aero- 
dynamics has  not  marked  out  for  itself  any  very  definite  line  of 
progress.  Though  the  resistance  of  oblique  planes  has  engaged  the 
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attention  of  Rayleigh,  it  is  chieflj'  on  the  experimental  «de  that  the 
subject  has  beeu  enriched,  as.  for  iiistanee,  by  the  labors  of  Langley 
(1891)  and  Lilieutlial.  Laugley  (1S97)  h&s,  indeed,  const  rutted  a 
«team-propelled  aeroplane  which  flew  successfully;  but  man  himself 
has  not  yet  flown. 

Moreover,  the  meteorological  applications  of  aerodynamics  con- 
tained in  the  profound  researches  of  Goldberg  and  Mohn  (IS77), 
Fcrrel  (1877),  Oherbeck  (1882,  ISSfi),  Hclmholtz  (188S,  1KS9),  and 
ntheiB,  as  well  a£  in  such  invetitigationii  an  Sprung's  (1880)  on  the  in- 
ertia path,  are  as  yet  rather  qu8lttative  in  their  beariugon  the  uctual 
motions  of  the  atmosphore.  The  marked  progress  of  meteorology  is 
obescrs'Utioual  in  chunicter. 

••  Acotisliea 

Early  in  the  century  the  velocity  of  sound  given  in  a  famous  equa- 
tion of  Newton  was  corrected  to  agree  with  observation  by  Laplace 
(1S16). 

The  great  problems  in  acoustics  arc  addressed  in  part  to  tlie  clas- 
tician.  in  part  to  the  physiologist.  In  the  former  case  the  work  of 
Uayleigh  (L877)  has  described  the  present  stage  of  development, 
interpreting  and  enriching  almost  every  part  discussed.  In  the  latter 
case  Hclmholtz  (1S63)  has  devoted  his  immense  powers  to  a  like 
purpose  and  with  like  success.  Konig  has  heen  prominently  con- 
cerned with  the  construction  of  accurate  acoustic  apparauw. 

It  is  interesting  to  note  that  the  differential  equation  representing 
the  vibration  of  strings  was  the  first  to  be  integrated;  that  it  passed 
from  D'Alembcrt  (1747)  euccessivoly  to  Euler  (1779),  Bernoulli 
(17M)  and  La^angc  (1759).  With  the  introduction  of  Fourier's  scries 
(1S07)  and  of  spherical  harmonics  at  the  very  beginning  of  the  cen- 
tury, D'Alembert's  and  the  other  corresponding  equations  in  Reou»- 
tics  readily  yielded  to  rigoroii.s  analysis,  Rayleigh 's  first  six  chapters 
aummariie  the  results  for  one  and  for  two  degrees  of  freedom. 

Flexurol  vibration  in  rods,  membranes,  and  platea  become  pro- 
minent in  the  unique  investigations  of  Chladni  (17S7, 1796,  Akustik, 
1803).  The  behn^'ior  of  vibrating  rods  has  been  developed  by  Euler 
<n79),  Caiichy  (1827),  Poisson  (1833),  Strehlke  (1833),  Lissajous 
OS33),  Seebeck  (1S49),  and  is  summarized  in  the  seventh  and  eighth 
rhaptcre  of  Rayleigh's  book.  The  transverse  vibration  of  membranes 
engaged  the  attention  of  Pois-son  (1829).  Round  membranes  were 
rigorously  treated  by  Kirchhoff  (1850)  and  by  Clebach  (1862);  ellip- 
tic membranes  by  Mathieu  (1868).  The  problem  of  vibrating  plates 
presents  formidable  diSlculties  resulting  not  only  from  the  edge  con- 
ditions, but  from  the  underlying  differential  equation  of  the  fourth 
degree  due  to  Sophie  Germain  (1810)  and  to  Lagrange  ClSll).  Tbe 


Bolutions  have  taxed  the  powers  of  L'oisson  (1812,  1829),  Cauchy 
(1829),Kirchhoff  (1850),  BouBsincsq  (1871-79),  and  others.  For  the 
circular  pliite  KirchhofT  gave  the  complete  theory.  Kayleigh  syatem- 
ntixcd  the  result.i  for  the  quadratic  plate,  and  the  general  account 
mukes  up  hin  ninth  and  tenth  chapters. 

Longitudinal  vil>rations,  which  are  of  particular  importance  in  case 
of  the  organ-pipe,  were  considered  in  eucceHmoR  by  Poinson  (1817), 
Hopkins  (183is),  Quct  (1S55);  but  Uclmholts  in  his  famous  paper 
of  1830  gave  the  first  adequate  theory  of  the  open  organ-pipe,  involv- 
ing viscosity.  Further  ex  leu  Rion  was  then  added  by  Kirchhoff  (18GS). 
and  by  Rayleigh  (1870,  rt  »r?.),  including  particularly  powerful 
analysis  of  resonance.  The  subject  in  its  entirety,  including  the  allied 
treatment  of  the  resonator,  completes  the  second  volume  of  Ray- 
leigh's  Sound. 

On  the  other  hand,  the  whole  subject  of  tone-quality,  of  combin- 
ation and  difference  tones,  of  speech,  of  harmony,  in  its  physical, 
physiological,  and  ajsthetic  relations,  has  been  recongtructed,  using 
all  the  work  of  earlier  investigators.  byHelniholtz  (1862),  in  his  mas- 
terly To'iemjifinduTtgen,  With  rare  slvill  and  devotion  Konig  contrib- 
uted a  wealth  of  eiren-like  experimental  appurtenances. 

Acousticians  have  been  fertile  in  devising  ingenious  methods  and 
apparatus,  among  which  the  Luning-fork  with  resonator  of  Marloye,, 
the  biren  of  Cagniard  de  la  Tour  (1819),  the  Lissajous  curves  (1857), 
the  strobo-icope  of  Plateau  (LS32),  the  manometric  flames  of  Konig 
(1862,  IS72),  the  dust  mcLhoda  of  ChUtltii  (1787)  and  of  Kundt 
(1865-68),  Melde's  vibrating  strings  (1^60,  1S64),  the  phoni»graph 
of  Edison  and  of  Bell  (1877),  arc  among  tlie  more  famous. 


Heat:  Thermometry 

The  invention  of  the  air  thermometer  dates  back  at  least  to  Amon- 
tons  (1699).  but  it  wiis  not  until  Rudberg  (1837),  and  more  thor- 
oughly Regnault  (1841,  et  scq.)  and  Magnus  (1842).  had  completed, 
their  work  on  the  thermal  expfto.sion  and  compressibility  of  air, 
that  air  thermometry  became  adequately  rigorou.'*.  On  the  theoret- 
ical side  Clapeyron  "(1834),  Ilelmholl/  (1847),  Joule  (1848),  had  in 
various  ways  pri>po,«ed  the  use  of  the  Carnot  funrtlnn  (1894)  for 
temperature  measurement,  but  the  subject  wna  finally  disposed  of 
by  Kelvin  (1849.  ct  srq.)  in  his  scries  of  papers  on  temjwrature  and 
temperature  measurement. 

Practical  thermometry  gained  much  from  the  measurement  of  the 
expansion  of  mercury  by  Dulong  and  Petit  (1818),  repeated  by 
Regnault.  It  also  profited  by  the  determination  of  the  viscous 
behavior  of  gla.>w,  due  to  Pemct  (1S76)  and  others,  but  more  from 
the  elimination  of  these  errors  by  the  invention  of  the  Jena  glass. 
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It  16  significant  to  note  that  the  broad  question  of  thermal  expiui- 
(Bon  has  yet  no  Eidequate  equntion,  thouj^h  much  has  been  done 
''experimentally  for  fluids  by  the  mognilieout  work  of  Amagat  (1869, 

1S73,  9t  wq.). 

Beat  Conduction 

The  subject  of  heat  conduction  from  a  theoretical  point  of  new 
was  virtually  created  by  the  great  memoir  of  Fourier  (1822),  whiclj 
shed  its  first  light  here,  but  eubeequentJy  illumined  almost  the  whole 
of  physics.  The  treatuient  passed  succesgively  through  the  liands  of 

'many  of  the  foremost  tliinkers.  notably  of  Poisaon  (1835,  1837), 
Lam6  (1836.  1839. 1843),  Kelvin  (1841-44),  and  olhere.  With  the 
latter  (IS5<j)  tlie  ingenious  method  of  sources  and  sinks  originated. 

'The  character  of  the  conduction  is  cow  well  Icnown  for  continuous 
media,  isotropic  or  not,  bounded  by  tlie  more  simple  geometrical 
forms,  in  particular  for  the  sphere  under  all  reasonable  initial  and 
surface  conditions.  Much  attention  has  been  given  to  the  heat  coa- 
ductioD  of  tbc  earth,  following  Fourier,  by  Kelvin  (1862,  1878), 
King  (1893).  and  others. 

Experimentally,  Wiedemann  and  Franz  (I8&3)  determined  the 
relati%'e  heat  conduction  of  metals  and  showed  that  for  nimple  Imdies 
a  parallel  gradation  exists  for  the  caRCH  of  heat  and  of  electrical  con- 
ductivity. Noteworthy  absolute  methods  for  measuring  heat  conduc- 
tion were  devised  in  particular  by  Forlies  (1842),  F.  Neumann  (1862), 
Angstrom  (1S61-64),  and  a  lamellar  method  applyiug  to  fluids  by 
H.  F.  Wcbcr  (1880). 

Calorinetry 

Practical  calorimetrj'  wa.s  virtually  completed  by  the  researches 
of  Black  in  1763.    A  rich  harve.st  of  experimental  results,  therefore. 

■lias  since  accrued  to  the  subjects  of  specific,  latent,  and  chemical 
he*ts,  due  in  particularly  important  cases  to  the  indefatigable  Reg- 
nault  (1840.  1846,  ct  se^.).  Dulons  and  Petit  (1819)  discovered  the 
remarkable  fact  of  the  approximnte  constancy  of  the  atomic  heats 

lof  the  elements.  The  apparently  exceptional  cases  were  interpreted 
for  carbon  silicon  and  boron  by  H.  F.  Weber  (1870),  and  for  sulphur 
by  Regnault  (1840).    F.  Neumann  (1831)  extended  the  law  to  com- 

rpound  bodies,  and  Jouie  (1844)  showed  that  in  many  cases  specific 
beat  could  be  treated  as  additively  related  to  the  component  specific 
he&tfi. 

Among  recent  apparatus  the  invention  of  Bunsen's  ice  calorimeter 
(1870)  dcser\'es  particular  mention. 
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Thermodynamics 

Thermodynamics,  as  has  been  sUleil,  in  a  singularly  fruitful  way 
interpreted  and  broadened  tbe  old  Leibnitzlan  principle  of  vis  viva 
(if  1((S6.  B**Kiiining  with  the  incidental  cxixrimcnts  of  Runiford 
(1798)  and  of  Davy  (1799)  just  antedating  the  ccnturj",  the  new 
conception  almost  leaped  into  being  when  J.  K.  Mayer  (1S42, 1845) 
defined  and  computed  the  mechanical  equivalent  of  heat,  and  when 
Joule  (18-13,  1845,  et  ut[.)  made  that  fierier  of  precise  and  judiciously 
varied  measurements  which  mark  an  epoch.  Shortly  after  Helmholtz 
(1847),  transcending  the  mere  bounds  of  heat,  carried  the  doctrine 
of  the  conservution  of  energy  throughout  the  whole  of  physics. 

Earlier  in  the  century  Carnot  (1824),  stimulated  by  the  growing 
importance  of  the  steam  engine  of  Wntt  (1763,  et  «eg.),  which  Fulton 
(1806)  had  alreody  applied  to  tninsportJition  by  water  and  which 
Stephenson  (1829)  soon  afl.er  applied  to  transportation  by  land, 
invented  the  reversible  thermodynamic  cycle.  This  cycle  or  sequence 
of  states  of  equilibrium  of  two  bodies  in  mutual  action  is,  perhaps, 
without  a  parallel  in  the  pn)lific  fruitfulness  of  its  contributions  to 
modern  physics.  Its  continued  use  in  fifty  years  of  research  has 
but  sharpened  its  logical  edge.  Camot  deduced  the  startling  doc- 
trine of  a  temperature  criterion  for  the  etfieicney  of  engines.  Clapey- 
ron  (1S34)  then  gave  the  geometrical  method  of  representation 
universally  used  in  thermodynamic  discussions  to-day,  though  often 
made  more  flexible  by  new  coordinates  as  suggested  by  Gibba  (1873). 

To  bring  the  ideas  of  Carnot  into  harmony  with  the  first  law  of 
thermodynamics  it  is  necessary  to  define  the  value  of  a  transform- 
ation, and  thin  was  the  great  work  of  ClausiuB  (!85(»),  followed  very 
closely  by  Kelvin  (1851)  and  more  hypolhetically  by  Rankine  (1851). 
The  Iatter'8  broad  treatment  of  energetics  (1855)  antedates  many 
recent  discussions.  As  early  as  1858  Kirchhoff  investigated  the 
solution  of  solids  and  of  gases  thermodynamJcally,  introducing  at 
the  same  time  an  original  method  of  treatment. 

The  second  law  was  not  generally  accepted  without  grave  mis- 
giving. Clausius,  indeed,  succeeded  in  surmounting  most  of  the 
objections,  even  those  contained  in  theoretically  delicate  problems 
as.sociatcd  with  radintion.  Nevertheless,  the  confusion  raised  by  the 
invocation  of  Maxwell's  "  demon  "  baa  never  quite  been  calmed;  and 
while  Boltimann  (1877,  1878)  refers  to  the  second  law  as  a  case  of 
probability,  Helmholtz  (1882)  admits  that  the  law  is  an  expression 
of  our  inability  to  deal  with  the  individual  atom.  Irreversible  pro- 
ceases  as  yet  lie  quite  beyond  the  pale  of  thermodynamics.  For  these 
the  famous  inequality  of  Clausius  is  the  only  refuge.  The  value  of  an 
uncompensated  transformation  is  always  positive. 

The  invention  of  mechanical  systems  which  more  or  less  fully 
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contorm  to  the  second  lavr  has  not  been  uifrequent.    Ideas  of  thiK 

^naiupe  have  been  put  forward  by  Boltzmmm  {1S66,  1872),  by  Clau- 

nus  (1S70,  JS7J),iinfl  more  powerfully  by  Hcirahollz  {1884)  in  his 

theoiy  of  cyclic  systems,  which  in  a  measure  suggested  the  hidden 

LinechaDism  at  the  root  of  Hertz's  dynamics.    Gibbs'a  (1902)  eletnent- 

r»ry  principles  of  stjitiBtical  mechanics  eeem,  however,  to  contain  the 

neueel  approach  to  a  lopcal  justificiitton  of  the  second  law  —  an 

approach  which  is  more  than  a  dynamical  Uluftr&tion. 

The  applications  of  the  first  and  second  laws  of  ihermodynamics 
are  ubiquitous.  As  interastini;  instances  we  may  mention  the  con- 
■  wption  of  an  ideal  gas  and  its  properties;  the  departure  of  phyracat 
tgaaes  from  ide.iHty  as  shown  in  Kelvin  and  Joule's  plug  experiment 
(18£4,  1S02);  the  corrected  temperature  scale  resulting  on  the  one 
I  hand,  and  the  possibility  of  the  modern  liquid  atr  refrigerator  of 
Ande  and  Hampson  (1S95)  on  the  other.  Uifficiilties  encountered 
in  the  liquefaction  of  iucoerL-ible  gases  by  Cailletet  and  Pictel  (1877) 
have  vanished  even  from  the  hydrogen  coercions  of  Olezewski  (189&) 
and  of  Dewar  and  Travers. 

Again,  the  broad  treatment  of  fusion  and  evaporation,  beginning 
with  James  Thomson's  (1S49]  computation  of  the  melting  point  of 
ice  -under  pressure,  Kirchhoff'e  (ISSiJ)  treatment  of  aublimation,  the 
extensive  chapter  of  thermo-elastics  set  on  foot  by  Kelvin's  (1883) 
equation,  are  further  examples. 

To  these  must  be  added  Andrews's  (1869)  discovery  of  the  continu- 
ity of  the  liquid  and  the  gaseous  states  foreshadowed  by  Cagniard 
[dc  la  Tour  (1822,  1823);  the  deep  ineJKht  into  the  luws  of  physical 
furnished  by  the  experimental  prowcsa  of  Amagnt  (1881,  1893, 
Pl896),  and  the  remarkably  close  approximation  amounting  almost  to 
prediction  of  the  facts  oliaervcd  which  is  given  by  the  great  work 
>r  van  der  Wajila  (lS7.t). 

The  further  development  of  thermodynamirs,  remarkable  for  the 
breadth,  not  to  «uy  audacity,  of  its  gencralixutinns,  was  to  take 
place  in  connection  with  chemical  systems.  The  anrdytiral  power 
of  the  conception  of  a  thermodynamic  potential  was  recognized 
nearly  at  the  same  time  by  many  thinkers:'  by  Gibbs  (1876),  who 
discovered  both  the  isothermal  and  the  adiabatic  potential;  by 
[assieu  (1S77),  independently  in  his  Fonctions  charactrristiquez  ; 
Helmholtz  (1882),  in  hiw  Frde  Enargic;  by  Duhem  (1886)  and  by 
Planck  (1887,  1891),  in  their  respective  thermodynamic  potentials, 
fbe  transfonnatjon  of  Lagrange's  doctrinoof  virtual  displacements  of 
^infinitely  more  complicated  systems  than  those  originally  contom- 
plat«d,  in  other  words  the  introduction  of  a  virtual  thermodynamic 
modi  fie. itioQ  in  complete  analogy  with  the  virtual  displacement  of 
the  vUcanique  analTftique,  marked  a  new  possibility  of  research  of 
'  Maxwell's  awiiable  mergy  ia  acddentoJly  overlooked  in  the  text. 
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which  GibbB  mftdc  the  profoundest  use.  Unaware  of  this  marshaling 
of  powerful  mathcm»ticid  forces,  van  't  Hoff  (1880,  1888)  coosum- 
nxated  his  marvelously  simple  application  of  the  secoud  law;  and 
from  interpretations  of  the  experiments  of  Ffeffer  (1877)  and  of 
Raoult  (1883,  1887)  propounded  a  new  theory  of  solution,  inrlee'd, 
a  basis  for  chemical  physics,  in  a  form  at  once  available  for  experi- 
mental investigation. 

The  highly  generalized  treatment  of  chemical  statics  by  Gibbg 
bore  early  fruit  in  its  application  to  DeviUe's  phenomenon  of  disso- 
ciation (1857).  and  in  succession  Gibbs  (1878,  1879),  Duhem  (18S6), 
Planck  (1887),  have  deduced  adequate  equations,  while  the  latter 
in  case  of  dilute  solutions  gave  a  theoretical  basis  for  Guldberg  and 
Waage's  law  of  mass  action  (1879).  An  earlier  independent  treat- 
ment of  dissociation  is  due  to  Horstmann  (1869,  1S73). 

In  comparison  with  the  brilliant  advaura  of  chemical  statics  which 
followed  Gibba,  the  progress  of  chemical  dynamics  has  been  less 
obvious;  but  the  outliucs  of  ihe  subject  have,  nevertheless,  been  suc- 
cinctly drawn  in  a  profound  paper  by  UclmhtjUz  (1886),  followed 
n-itb  much  skill  by  Duhem  (1894, 1890)  and  Natanson  (1896). 


Kinetic  Theory  of  Gases 

The  kinetic  theory  of  gases  at  the  outset,  and  as  suggested  by 
Herapath  (1821),  Joule  (1851,  1857),  Kronig  (1856),  virtually  re- 
affirmed the  classic  treatise  of  Bernoulli  (1738).  Clausius  in  1867-62 
gave  to  the  theory  a  modem  aspect  in  his  derivation  of  Boyle's  law 
in  its  thermal  relations,  of  molecular  velocity  and  of  the  ratio  of 
translatioDal  to  total  energy.  Ho  alao  introdured  the  meau  free 
path  (1858).  Closely  after  followed  Maxwell  (I860),  adducing  the 
law  for  the  distribution  of  velocity  among  molecules,  later  critically 
and  elaborately  examined  by  Boltzmann  (1868--81).  Nevertheless, 
the  difficulties  relating  to  the  partition  of  energy  have  not  yet  been 
surmounted.  The  subject  is  still  under  vigorous  discussion,  &s  the 
papers  of  Burbury  (1899)  and  others  testify. 

To  Maxwell  (1860,  1S6S)  ia  duo  the  specifically  kinetic  interpret- 
ation of  viscosity,  of  diffusion,  of  beat  conduction,  subjects  which 
also  engaged  the  attention  of  Boltzmano  (1872-87).  Rigorous  data 
for  molecular  velocity  and  mean  free  path  have  thus  become  avail- 
able, and  van  der  Waals  (1873)  added  a  final  allowance  for  the  size 
of  the  molecules.  Less  satisfactory  has  been  the  exploration  of  the 
character  of  molecular  force  for  which  Maxwell,  Boltzmann  (1872, 
et  teq.),  Sutherland  (1886,  1893),  and  others  have  put  forward  tenta- 
tive investigations. 

The  intrinsic  equation  of  fluids  discovered  and  treated  in  the 
great  paper  of  van  der  Waals  (1873),  though  partaking  of  the  oharac- 
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ler  of  a  first  approximation,  has  greatly  promoted  the  ooordiaation 
of  most  of  the  known  facts.  Corresponding  states,  the  therntal 
coefficients,  the  vapor  pressure  relation,  the  minimum  of  prcasure- 
Tolumc  products,  and  even  molecular  diamptcrs,  arc  reasonably  in- 
ferred by  van  dcr  Wauls  from  vcr>-  wmplc  premises.  Many  of  tho 
results  hare  been  tested  by  Amagat  (15%)- 

The  data  for  molecular  diameter  furnished  by  the  kinetic  theory 
as  a  whole,  \it.,  the  oriKinal  values  of  Loschmidt  (1865),  of  van  der 
Waala  (1873).  and  others,  arc  of  the  same  order  of  values  bs  Kelvin's 
estimates  (1883)  from  capillarity  and  contact  electricity.  Many 
converging  lines  of  evidence  show  that  an  appro ximiition  to  the 
truth  has  surely  been  reached. 

Radiaiian 

Our  knowledge  of  the  radiation  of  heat,  diathermscy,  thermo- 
croets.  was  promoted  by  the  perfection  which  the  thcrmopyle  reached 
in  the  hands  of  Melloui  (1836-53).  These  and  other  researches  set 
at  rest  forever  all  questions  relating  to  the  identity  of  beat  and  light. 
The  subject  was,  however,  destined  to  attain  a  much  higher  order 
of  precision  with  the  invention  of  Langley's  bolometer  (1S8I).  The 
8Ur%'ey  of  heat  spectra,  beginning  with  the  taborioua  attemptfl  of 
Herscliel  (1840),  of  E.  Becquerel  (1843,  1S70),  11.  Hecquerel  (1883), 
and  others,  bos  thus  culminated  in  the  magnificent  development 
shown  in  Langley's  charts  (1S83,  1SS4,  ct  acq.). 

Kirchhofl's  law  (1860),  to  some  extent  unticipatod  by  Stewart 
(1857,  1858),  pervades  the  whole  subject.  The  radiation  of  tho  black 
body,  tentatively  formulnted  in  relation  to  temperature  by  Stefan 
(1879)  and  more  rigorously  by  Boltzmann  (1884),  has  furnished 
the  savants  of  the  Heichsan.Htult  with  means  for  the  development 
of  a  new  pyrometry  whose  upper  limit  is  not  in  sight. 

Among  curious  inventions  Crooke's  radiometer  (1874)  and  Bell's 
photophonc  may  be  cited.  The  adaptation  of  the  former  in  cb-hc  of 
high  exhaustion  to  the  actual  measurement  of  Maxwell's  (1873) 
light  pressure  by  Lebedew  (1901)  and  Nichols  and  Hull  (1903)  is 
of  quite  recent  history. 

The  first  estimate  of  the  important  constant  of  solar  radiation  at 
[^tbe  earth  wob  made  by  Pouillet  (1838);  but  other  pvThclinnictric 
lethods  have  nnce  be«n  devised  by  Langley  (1884)  and  more  re- 
cently by  Angstrom  (1886,  et  »eq.). 


VdocUy  o/  UgU 

Data  for  the  velocity  of  light,  verified  by  indc-iicndent  aflronom- 
ical  obwrv&tJons,  were  well  known  prior  to  the  century;  for  Homer 
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had  worked  as  long  ago  as  1675,  and  Bradley  io  1727.  It  remained 
to  actually  measure  this  enormous  velocity  ia  the  laboratory,  appar- 
ently an  extraordinary  feat,  but  ateoniplished  simultaneously  by 
Fizeau  (1849)  and  by  the  aid  of  Wheatstone's  revolving  mirror  (1834) 
by  Foticault  (1849,  185U,  18132).  Since  that  time  precision  has  been 
given  to  this  importajit  eonstunt  by  Comu  (1871,  1873, 1874),  Forbes 
and  Young  (1882),  Michelson  (1878,  rt  stq.),  and  Newcomb  (1885). 
Foutault  (1850),  and  more  accurately  Mielwlson  (1SS4),  deter- 
mined tlic  variation  of  velocity  with  the  medium  and  wave-Icugth, 
thus  assuring  to  the  undulatory  thcor>'  its  ultimate  triumph.  Grave 
coQceru,  however,  still  exists,  inasmuch  as  Miclielsou  and  Morley 
(18S6)  by  the  moat  rc&ned  measurement,  and  differing  from  the 
older  o>«iervations  of  Fineau  (1851,  lK'i9),  were  unable  to  detect 
the  optical  effect  of  the  relative  motion  of  the  atnintiphere  and  the 
luminiferouB  ether  predicted  by  theory. 

Romcr's  observation  may  in  Bome  degree  be  considered  as  an 
anticipation  of  the  principle  first  clearly  stated  by  Doppler  (1S42). 
which  has  since  become  invaluable  in  spectroscopy.  Egtimates  of 
the  density  of  the  luminiferous  ether  have  been  published,  in  par- 
ticular  by  Kelvin  (1S54J. 


Geomelric  optica 

Prior  to  the  nineteenth  century  geometric  optics,  having  been 
mustered  before  Huyghens  (1690),  Newton  (1704),  Malus  (1808), 
LagraQge  (I77S,  1803),  and  otbers,  had  naturally  attained  a  high 
order  of  development.  It  was,  nevertheless,  remodeled  by  the  great 
paper  of  Gauss  (1841),  and  was  thereafter  generalized  stop  by  step 
by  Listing,  Mobius  C1S55),  and  particularly  by  Abbe  (1872).  post- 
ulating that  in  character,  the  cardinal  elements  are  independent 
of  the  physical  reasons  by  which  one  region  is  imaged  in  another. 

So  many  able  thinkers,  lilcc  Air^*  (1827),  Maxwell  (1S56,  rt  aeq.), 
Bcsael  (1840,  1841),  Helmholtz  (1856,  1867),  Ferraris  (1877,  1880), 
and  others  have  contributed  to  the  furtherance  of  geometric  optics, 
that  definite  mention  ia  impossible.  In  other  ca8«3.  again,  profound 
methods  like  those  of  Hamilton  (1828,  et  acq.),  Kummer  (1859), 
do  not  eeem  to  have  borne  correapondingly  obvious  fi-uit.  The  fun- 
damental bearing  of  diffraction  on  geometric  optics  was  first  pointed 
out  by  Airy  (1838),  but  developed  by  Abbe  (1873),  and  after  him  by 
Rayleigh  (1879),  An  adequate  theory  of  the  rainbow,  due  to  -Airy 
and  others,  is  one  of  its  picturesque  accomplishmenls  (183S). 

The  eo-called  astronomical  refraction  of  a  medium  of  continu- 
ously varying  index,  successively  treated  by  Bouguer  (1739,  1749). 
Simpson  (1743),  IJradley  (1750,  1762),  owes  its  recent  refined  de- 
velopment to  Bessel  (1823,  1S26,  1842),  Ivory  (1822,  1823,  H  $eq.), 
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Radau  (1884).  and  others.   Tail  (18S3)  gave  much  attention  to  the 
allied  treatment  of  mirage. 

In  relation  to  instruments  the  conditions  of  aplantism  were  exam- 
ined by  aauaius  (1864),  by  Helmholtz  (1874),  by  Abbe  ('873,  et 
seg.),  by  Hockin  (1SS4),  and  others,  and  the  aimchromatic  lens  was 
introduced  by  Abbe  (1879).  The  microsciiiJe  is  still  well  subserved 
by  wtber  the  Huygliens  or  the  Ilameden  (1S73)  cye-iiiece,  but  the 
objective  baa  undergone  successive  stugca  of  improvi-ment.  bcRtn- 
aing  with  Lister's  discovery  in  1S30.  Aniici  (IS40)  introduced  the 
principle  of  immersion;  Stephenson  (IS78)  and  Abbe  (1879),  homo- 
geneous immersion;  and  the  Ahhe-ZelBS  apoehromatic  objective 
(1886).  the  outcome  of  the  Jena-glasH  experiments,  marlcR,  pcrliaps, 
the  lu£;b-w&tcr  mark  of  the  urt  for  the  microscope.  Steinheil  (1865, 
1866)  introduced  the  guidinK  principle  for  photnpraphic  objectives. 
AJvan  Clark  carried  the  dilEcult  tcchnitiiic  of  telescope  lens  con- 
struction to  a  degree  of  astonishing  excellence. 

Speetrum  —  Dispcrswn 

Curiously,  the  acumen  of  Newton  (1666,  1704)  stopped  short  of 
the  ultimate  conditions  of  purity  of  spectrum.  It  was  left  to  WollaB- 
ton  (1802),  about  one  hundred  years  later,  to  introduce  the  slit 
and  observe  the  dark  lines  of  the  solar  spectrum.  Frauuhofer  (1814, 
1815,  1823)  mappGd  tbein  out  carefully  and  insisted  ou  their  solar 
origin.  Brewster  (1833,  1834),  who  afterwards  (1860)  published  a 
map  of  3000  lines,  was  the  first  to  lay  stress  on  the  oecurrenco  of 
absorption,  believing  it  to  be  atmospheric.  Forbes  (1836)  gave  even 
^rreater  delinitenesa  to  absorption  by  referring  it  to  solar  origin. 
Foucault  (IS49)  pointed  out  the  coincidence  of  the  sodium  lines 
with  the  D  group  of  Fraunhofer,  and  discovered  the  reversing 
effect  of  sodium  vapor,  A  statement  of  the  parallelism  of  emission 
and  absorption  came  from  .Angstrom  (IS5.5)  and  with  greater  defin- 
itCDC^  and  ingcnioua  cxperinipnts  from  Stewart  (1860).  Ncver- 
thelcfls.  it  waa  ^eacr^■cd  to  Kirchhoff  and  Bunsen  (1860,  1861)  to 
give  the  clear-cut  diBtinclions  between  the  continuous  spectra  and 
the  characteriistically  fixed  bright-line  or  dark-line  spectra  upon 
which  s[»ectrum  analysis  depends.  Kirchhoff's  law  was  announced 
in  1861,  and  the  same  year  brought  his  map  of  the  solar  sjiectrum 
and  a  discunsion  of  the  cheniiral  cnmiHisltion  of  the  sun.  Huggins 
(1864,  et  $tq.).  .Angstrom  (IS68}.  Thali^n  (1S75).  followed  with  im- 
proved obscrvationa  on  the  distribution  and  wavc-Icngth  of  the  solar 
lines;  but  the  work  of  these  and  other  observers  was  suddenly  over- 
shadowed by  the  mnr\'cloU8  pos-'ibilitics  of  the  Rowland  concave 
grating  (1882,  et  seq.).  Rowland's  maps  and  tables  of  the  solar  spee- 
trura  as  they  appeared  in  1887,  1889,  rt  teq.,  his  summary  of  the 
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elements  contained  in  the  sun  (1891),  each  marked  a  definilc  stage 
of  advance  of  the  subject.  MitscherJich  (1862,  1863)  probably  was 
the  first  to  recognize  the  banded  or  channeled  spectra  of  compound 
bodies.  Balmer  (18S5)  constructed  a  valuable  equation  for  recog- 
nizing the  distribution  of  single  types  of  lines.  Kayser  and  Kiinfi^e 
(IS87,  ft  seq.)  successfully  analyzed  the  structure  of  the  spectra,  of 
alkaline  and  other  elements. 

The  modemijied  theory  of  the  grating  had  been  given  by  Rayleieh 
in  1874  and  was  extended  to  the  concave  grating  by  Rowland  ( 1892, 
1593}  and  others.  A  general  theory  of  the  resolving  power  of  pris- 
matic systems  is  also  due  to  Rsyleigk  (1879, 1880),  and  another  to 
Thollon  (1S81). 

The  work  of  Rowland  for  the  visible  spectrum  was  ably  paral- 
leled by  Langlcy's  investigations  (1883  et  $eq.)  of  the  infra-red,  dating 
from  the  invention  of  tiie  bolometer  (1881).  Superseding  the  work 
of  earlier  investigators  like  Fizeau  and  Foucault  (1878)  and  otbersi 
Langley  extended  the  spectrum  with  detailed  accuracy  to  over 
eight  times  its  visible  length.  The  solar  and  the  lunar  epeetruio,  the 
radiations  of  incandescent  and  of  hot  boUieKj  were  all  specified  abso- 
lutely and  with  precision.  With  artificial  spectra  Rubena  (1892, 
1889)  has  since  goue  further,  reaching  the  longest  heat-waves  known. 

A  similarly  remarkable  extension  was  added  for  the  ultra-violet 
by  Schumann  (1S9U,  1892),  contending  successfully  with  the  grad- 
ually increasing  opacity  of  all  known  media. 

Experimentally  the  suggestion  of  the  spectrcheliograph  by  Lock- 
yer  (1S68)  and  by  Janseen  (1868)  and  its  brilliant  achievement  by 
Hale  (1892)  promise  notable  additions  to  our  knowledge  of  solar 
activity. 

Finally,  the  refractions  of  absorbing  media  have  been  of  great 
importance  in  their  bearing  on  theory.  The  peculiarities  of  metallic 
reflection  were  announced  from  his  cJirlier  experiments  (1811)  by 
Arago  in  1817  and  more  fully  investigated  by  Urewster  (1815,  1830, 
1831).  F.  Neumann  (1832)  and  MacCullagh  (1837)  gave  sharper 
stfttcracnta  to  these  phenomena.  Equations  were  advanced  by 
Cauchy  (1836,  et  acq.)  for  isotropic  bodies,  and  later  with  greater 
detail  by  Itnylcigh  (1872),  Kettoler  (1875,  ct  <^.),  Drudc  (1887,  d 
seq.),  and  others.  Jamin  (1847, 1848)  devised  the  first  experiments  of 
requisite  precision  and  found  them  in  close  agreement  with  Cauchy's 
theory.  Kundt  (1888)  more  recently  investigated  the  refraction  of 
metallic  prisms. 

Anomalous  dispersion  was  discovered  by  Chrifltianson  in  1870, 
and  studied  by  Kundt  (1871,  et  scq.).  Sellmeyer's  (1872)  powerful 
and  flexible  theory  of  dispersion  was  extended  to  include  absorp- 
tion effects  by  Helmholtz  (1874),  with  greater  detail  by  Kctt«ler 
(1879,  et  uq.),  and  from  a  different  point  of  Wew  by  Kdvin  (1885). 
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The  electromagnetic  theory  lends  itself  particularly  well  to  the  same 
phenomena,  and  KoliKek  (1887,  1888),  Gddhammer  (1892),  Helm- 
boltz  (18D2),  Drude  (IS03).and  others  instanced  its  adaptntion  witli 
success. 

Photometry,  Fltiorescence,  Photochemistry 

The  cosine  law  of  Lambert  (1760)  has  since  boon  interpreted  in 
a  way  satiHfying  modem  requirements  by  Fourier  (1817.  1S24)  and 
by  Lommel  (ISSO).  Among  new  resources  for  the  experiTiientalist 
tbo  spectrophotometer,  the  Lummer-Brodhun  photometer  (1889), 
and  Rood's  flicker  photometer  (1893,  1S99).  should  be  mentioned. 

Huorcsconce,  though  inRoniously  treated  by  Herschel  (1845, 
1833)  and  Brewster  (1846,  et  scq.),  was  virtually  created  in  its  philo- 
sophical aspects  by  Stokes  in  his  great  papers  (1S52,  rt  seq.)  on  the 
Wibjecfe.  In  recent  years  Lommel  (1877)  made  noteworthy  contribii- 
Uoos.  Phosphorescence  has  engaged  the  attention  of  E.  Becquerel 
(1859),  among  others. 

The  laws  of  photochemistry  are  in  large  measure  due  to  Bunsen 

and  Roscoe  (1857,  1862).  The  praolieal  development  of  photography 

from  its  beginninf^s  with  Daguerre  (1829,  1838)  and  Ni^pce  and 

'Fox-Talbot  (1839),  to  its  final  improvement  by  Maddox    (1871) 

with  the  introduction  of  the  dry  plate,  is  familiar  to  all.    Vogel's 

.(1873)  discovery  of  appropriate  fieusit.iKfrs  for  different  colors  haa 

[added  new  resources  to  tlie  already  invaluable  application  of  photo- 

iphy  to  spectroscopy. 

Interference 

The  wJora  of  thin  plates  treated  succeaaivcly  by  Boyle  (1663), 
Hooke  (1665),  and. more  particularly  by  Newton  (1672.  Optiks. 
1701),  became  in  the  hands  of  Young  (1802)  the  meauB  of  framing 
an  adequate  theory  of  light.  Young  also  discovered  the  colors  of 
,  mixed  plates  and  waa  cngniiEant  of  loss  of  half  a  W!i%'e-lengt1i  on 
'reBeclion  from  the  denser  medium.  Fresnel  (1SI5)  gave  an  inde- 
pendent explanation  of  Xewton's  colors  in  terms  of  interference, 
devising  for  further  evidence  his  double  mirrors  (1816),  his  biprism 
(1819).  aiid  eventually  the  triple  mirror  (1820).  Billet's  plates  and 
split  lens  (1858)  belong  to  the  same  classical  order,  as  do  also  Lloyd's 
(1837)  and  Haidlnger's  (IS49)  Inlerferences.  Brewster's  (1S17) 
ob«er\'ation  of  interference  in  case  of  thick  plates  culminated  in 
the  hands  of  Jamin  (1856,  1357)  in  the  useful  interferometer.  The 
scope  of  this  apparatus  was  immcn."«ly  advanced  by  the  famous 
device  of  Michclson  (1881,  1882),  which  has  now  become  a  funda- 
rnMDtal  instrument  of  research.  Michelson's  determination  of  the 
length  of  the  meter  in  terms  of  the  wave-length  of  light  with  as- 
tounding accuracy  is  a  mere  example  of  its  accomplishments. 
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Wiener  (ISOO)  in  his  cILscovery  of  tbe  stationiiry  light-wave  intro- 
duced ail  entirety  new  interference  phenomenon.  The  melhod  wait 
SUccesafuliy  applied  to  color  photograpliy  by  Lippmann  (1891. 
1892),  eliowing  that  the  electric  and  not  the  magnetic  vector  is 
photographically  active. 

The  theory  of  interferences  from  a  broader  point  of  view,  an^l 
including  the  occurrence  of  multiple  reflections,  was  successively 
perfected  by  Poitwon  (1823),  Fresnel  (1823),  Airy  (1831).  It  has 
recently  been  further  advanced  by  Feussner  (ISSO,  et  srq.),  Sohnrke 
and  Wanserin  (ISSl ,  1883),  Kayleigh  (1889),  and  others.  The  inter- 
fcreniK*  along  a,  caustic  were -treated  by  Airy  (1836),  but  the 
endeavor  to  reconstruct  goonaetric  optics  on  a  difTr&ction  basis 
has  Rs  yet  only  siiccecded  in  certain  important  inatnnccs,  as  alrendy 
mentioned. 

Diffraction 

Though  diffraction  dates  back  to  Grinialdl  (1665)  and  whr  wt^U 
known  to  Newton  (1704),  the  first  correct  though  crude  intcrprcl- 
Btion  of  the  phenomenon  is  due  to  Yotmg  (1802,  1S04).  Independ- 
ently Fresnel  (1815)  in  his  original  work  devised  similar  explanations, 
but  later  (1818,  1819,  1826)  gave  a  more  rational  theory  in  terms 
of  Huygliens'g  principle,  wliieb  lie  was  the  first  adequately  to  inter- 
pret. Fresnel  showed  that  all  poiats  of  a  wave-front  are  concerned 
in  producing  diffraction,  though  the  ultimate  critical  analysis  was 
left  to  Stokes  (18-19). 

In  1822  Fraunhofer  published  his  remarkable  paper,  in  whkh, 
among  other  inventions,  he  introduced  the  grating  into  science. 
Zone  plates  were  studied  by  Cnmii  (IS".^)  and  by  Soret  (1873). 
Howlaud'n  concave  grating  appeared  in  ISSI ;  Michelson's  echelon 
spectrometer  in  18D9.  ' 

The  theory  of  gratings  and  other  difTraction  phenomena  was 
exhaustively  treated  by  Schwerd  (1837).  JJabinct  established  the 
principle  bearing  his  name  in  1837.  Subsequent  developments  were 
ID  part  concerned  with  the  improvement  of  Fresnel'B  method  nf 
computation,  in  part  with  a  more  rigorous  treatment  of  the  theory 
of  diffraction.  Stokes  (1850,  1852)  gave  the  first  account  of  the 
polarisation  accomptinying  diffniction.  and  thereafter  Koyleigli 
(1871)  and  many  others, including  Kirchhoff  (1S82, 18S3),  profoundly 
modified  the  claseie  treatment.  Airy  (1S34,  1838)  and  others  clabop- 
fltely  examined  the  diffraction  due  to  n  point  source  in  view  of  its 
important  Iwaring  on  the  efficiency  of  optical  instruments. 

A  unique  development  of  diffraction  is  the  phenomenon  of  scat- 
tering propounded  by  Rayleigh  (1871)  in  his  dynamics  of  the  bhtc 
sky.  Thia  great  theory  which  Rayleigh  has  repeatedly  improved 
(1881,  it  ifq.)  has  since  superseded  all  other  relevant  explanations- 
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Polarization 


An  uiRnite  variety  of  polarizatioa  pheaomeua  grew  out  of  Bar- 
tholinus's  (1670)  discovery.  Sound  begiiminga  of  a  theory  were 
laid  by  Huyghcns  {Traits,  1690).  whose  wavelet  principle  and  tlc- 
moatary  wavo-fronl  have  pcrsisled  as  an  invaluable  acquii<itiQa,  to 
be  generalized  by  freenel  in  1S21. 

Frc!<h  foundations  in  this  department  of  optii;!!  were  laid  by 
Mains  (ISIO)  in  his  discovery  of  the  canine  law  and  the  further 
discovery  of  the  polarization  of  reflected  light.  Later  (1815)  Brewoter 
adduced  the  conditions  of  uioximum  polarization  for  tliia  caw. 

In  1811  Arago  announced  the  occurrence  of  iuterfercnccs  in  con- 
nection with  parallel  plane- polarized  light,  phenomena  which  under 
the  observations  of  .Arago  and  Fresne]  (1816.  1819),  Biot  (1816), 
Brewster  (1813,  1.H14,  1S18),  and  others  grew  immensely  in  variety, 
and  in  the  importance  of  their  liearing  on  the  undiilatory  theory. 
It  is  on  the  basis  of  these  phennnienn  that  Fn^'tncl  in  1810  insLsted 
on  the  transvcraality  of  light-waves,  offering  proof  which  wus  .sul>- 
«equently  made  rigorous  by  Vcrilct  (IM50).  Though  a  tentative 
explanation  was  here  again  given  by  Young  (1814),  the  first  adts 
qiiate  thcor>-  of  the  behavior  of  thin  plates  of  ipolotropic  media 
with  polarised  light  came  from  Frcsnel  (1821). 

Airy  (1833)  elucidated  a  special  case  of  the  gorgeously  compli- 
cated interferences  obtained  with  convergent  pencils;  Neumann 
in  1834  gave  the  general  theory.  The  forbidding  equations  resulting 
were  geometrically  interpreted  by  IJertin  (IS61,  1S84),  and  Lommel 
(1SS3)  and  Neumann  (1841)  added  n  theory  for  stressed  media, 
afterwards  improved  by  Poekels  (1889), 

The  peculiarly  undulatory  character  of  natural  light  owes  its 
exi^anatioD  largely  to  Stokes  (1852),  and  his  views  were  verified 
by  many  physicistfl,  notably  by  Fizean  (1862)  ehowing  interfcrencea 
for  path  differences  of  60,000  wave-lengths,  and  by  Michelson  for 
much  larger  path  differences. 

The  occurrence  of  double  refraction  tn  all  non-regular  crj'Stals 
was  recognized  by  HaQy  (1788)  and  studied  by  Brewster  (1818). 
In  1821,  largely  by  a  feat  of  intuition,  Fresnel  introduced  his  gen- 
eralized elementarj'  wave-surface,  and  the  correctness  of  his  explan- 
ation has  since  been  8^lb6tantiated  by  a  host  of  obser^'ers.  Stokes 
(1862,  tt  seq.)  was  unremittingly  active  in  pointing  out  the  tlieoret- 
■ieat  bearing  of  the  results  obtained.  Hamilton  (1832)  supplied 
ra  remarkable  crJteriou  of  the  truth  of  Fresnel's  theory  deductively, 
in  the  prediction  of  both  types  of  conic  refraction.  Tlie  phenomena 
were  detected  experimentally  by  Lloyd  (1833). 

The  domain  of  natural  rotary  polarisation,  discovered  by  Arago 
(ISIl)  and  enlarged  by  Biot  (1815),  bae  recently  been  placed  in 
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close  relation  to  non-symmetrical  chemical  stnicture  by  licHel  (1874) 
and  van  't  IlnfT  (1K75),  and  il  tentative  m»Iocular  theory  was  ad- 
vanced by  Sohncke  (1876). 

Bousainesq  (1S6S)  ndaptcd  Cauchy's  theory  (IS42)  to  these  phe- 
nomena. Independent  elastic  theories  were  propounded  by  Mac- 
Cullagh  (1837),  Briot,  Sarrau  (1868);  but  there  is  naturally  no  diffi- 
culty in  accounting  for  rotary  polarization  by  the  electromagnetic 
theory  of  light,  as  was  shown  by  lirude  (IS92). 

Among  investigational  apparatus  of  great  importance  the  Soleil 
(1846,  1847)  Sflcchari meter  may  bo  mentioned. 
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Theorie» 

In  conclusion,  a  brief  mimmar>'  may  be  given  of  the  chief  mechan- 
isms proposed  to  account  for  the  undulations  of  light.  Fresnel  sug- 
gested the  first  adequate  optical  theory  in  1821,  which,  though 
singularly  correct  in  iU  bearinfi  on  reflection  and  refraction  in  the 
widest  sense,  was  merely  tentative  in  construction.  Cauchy  (1829) 
proposed  a  specifically  elastic  theory  for  the  nuition  of  relatively 
loui;  waves  of  light  in  continuous  media,  based  on  &  reasonable 
hypothesis  of  molecular  force,  and  deduced  therefrom  Fre&nel'a 
rcficetion  and  refraction  equations.  Green  (1838),  ignoring  molecular 
forces  and  proKeoding  in  aeeordantie  with  his  own  method  in  elastirs, 
published  a  different  theory,  whit-h  did  not,  however,  lead  to  P'rcsnel's 
equations.  Kelvin  (lS8S)  found  the  tondiUons  implied  in  Cauchy's 
theory  compiitiblc  with  stability  if  the  ether  were  considered  as 
bound  by  a  rigid  medium.  The  ether  implied  throughout  is  to  have 
the  same  elasticity  everywhere,  but  to  vary  in  density  from  medium 
to  medium,  and  vibration  to  be  normal  to  the  plane  of  polarica- 
tion. 

Neumann  (1835).  whose  work  has  been  reconatrucied  by  Kirchhoff 
(1870),  and  MaeCulUgh  (1837),  with  the  counter- hypo  thesis  of  an 
ether  of  Bxed  density  but  varying  in  elasticity  from  medium  to 
medium,  al-so  dcdutcd  Freanel's  equations,  obtaining  at  the  same 
time  better  surface  conditions  in  the  case  of  axilotropic  media.  The 
vibrations  are  in  the  plane  of  polarization. 

All  the  elastic  theories  essenti  ally  predict  a  longitudinal  light-wave. 
It  was  not  until  Kelvin  in  ISS^QO  proposed  his  remarkable  gyro- 
static  theory  of  light,  in  which  fon;e  and  displacement  become  torque 
and  twist,  that  these  objections  to  the  clastic  theory  were  wholly 
removed.  MauCullagh,  without  rccoguiziug  their  bearing,  seems 
actually  to  have  anticipated  Kelvin's  equation. 

With  the  purpose  of  acpounting  for  dinpe-rsion,  Cauchy  in  1S35  pjave 
greater  breadth  to  his  theory  by  postulating  a  sphere  of  action  of 
ether  particles  commensurate  with  wave-length,  and  in  this  direction 
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lie  waa  followed  b>-  F.  Neumann  (1841),  Briot  (18fi4),  Rayleigh 
(1871),  and  others,  treating  aa  ether  vjmoualy  lo&defl  with  material 
pflrtiolcs.  Among  theories  bcKinning  with  the  phenomena  observed, 
that  of  Houssinesq  (1867,  et  Beq.)  has  received  the  most  extensive 
developnienl. 

The  difficult  surface  conditions  met  with  when  light  passes  from 
one  meiiium  to  another,  including  such  nubjecta  as  elliptifity,  total 
reflection, etc.,  have  l>een  critically  diBcuKsed,  among  others,  by  Neu- 
maoD  (1835)  and  Rayleigh  (ISSS);  but  the  discrimintition  between 
the  Frcsnel  and  the  Neiimnnn  vector  wiis  not  accomplished  without 
misgiving  before  the  advent  of  the  work  of  Herta. 

It  appears,  therefore,  that  the  elastic  theories  of  light,  if  Kelvin's 
gymstatir  adynamic  ether  be  admitted,  have  not  been  wholly  routed. 
Nevertheless,  the  great  electromagnetic  theory  of  light  propounded 
by  Maxwell  (1S64,  Treatise,  1873)  hoe  been  singularly  apt  not  only 
in  cipliiining  all  the  phenomcnft  reached  by  the  older  theories  and 
in  predicting  entirely  novel  results,  but  in  harmoniously  uniting,  as 
parts  of  a  unique  doctrine,  both  the  olectrie  or  photographic  light 
vector  of  Fresnel  and  Cauchy  and  the  magnetic  vector  of  Neumann 
and  MacCulIagh.  Its  predictions  have,  moreover,  been  astoniahingly 
verified  by  the  work  of  Ilort^i  (1S90),  and  it  is  to-day  acquiring  added 
power  in  the  cooveetion  theories  of  Lorentz  (1S95)  and  others. 

Electrostatics 

Coulomb's  (17S5)  law  antedates  the  centurj- ;  indeed,  it  was  known 
to  Covendish  (1771,  1781).  Problems  of  electric  distribution  were 
not  eeriously  approached,  however,  until  Poisson  (1811)  ttolvcd  the 
case  for  spheres  in  contact.  Afterwards  Clausius  <l$d2),  liclmholtz 
(186$),  and  KirchliofT  (1877)  examined  the  c^onditiuns  for  discs,  the 
last  giving  tlie  first  rigorous  theory  of  th«  f\  peri  mentally  important 
plate-condenser.  In  1S45-43  the  investigation  of  elfectnc  disiribu- 
tion  received  new  incentive  as  an  application  of  Kelvin's  beautiful 
method  of  images.  Maxwell  [Treatise,  187^)  systematized  the  treat- 
meiit  of  capacity  and  induction  coefficients. 

Riess  (1837), in  &  claenic  series  of  experiments  on  the  heat  produced 
by  electrostatic  discharge,  virtually  deduced  the  potential  energy 
of  a  conductor  and  in  a  measure  anticipated  Joule's  taw  (1841).  In 
1860  appeared  Kelvin's  great  paper  on  the  electromotive  force  needed 
to  produce  a  spark.  As  early  as  1855,  however,  he  htid  sbowu  that 
the  spark  discharge  is  liable  to  be  of  the  character  of  a  damped  vibra- 
tion and  the  theory  of  electric  oscillation  was  subwquently  extended 
by  Kirchhofl  (1867).  The  first  adequate  experimental  verification 
was  due  to  Fedderaen  (185S,  1861). 

The  specific  inductive  capacity  of  a  medium  with  its  fundamental 
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bearing  on  the  character  of  electric  force  was  discovered  by  Far- 
aday in  1837.  Of  the  theories  propounded  to  account  for  this  pro- 
perty the  most  far-reaching  is  Maxwell's  (1S65),  which  culminates  in 
the  unique  result  showing  that  the  refraction  index  of  a  medium 
is  the  square  root  of  its  specific  inductive  capacity.  With  regard 
to  Maxwell's  theory  of  the  Faraday  stress  in  the  ether  us  compared 
with  the  subsequent  development  of  etectrostriction  in  other  media 
by  many  authors,  notahly  by  Boltzmnnn  (1880)  and  hy  Kirchhoff 
(1885),  it  is  obeervable  that  the  tendency  of  the  former  to  assign 
concrete  physical  properties  to  the  tutw  of  force  is  growing,  partic- 
ularly in  coimeetioa  with  radioactivity.  Duhom  (1892^  1S95)  in- 
sists, however^  on  the  greater  trustworthiness  of  the  thermodynamic 
potential. 

The  seemingly  trivial  subject  of  pyroelectricity  interpreted  by 
^pinus  (1756)  and  studied  by  Brewster  (1825),  has  none  the  less 
elicited  much  discussion  and  curiosity,  a  vast  number  of  data  by 
Hankel  (1839-93)  and  others,  and  a  succinct  explanation  by  Kelvin 
(i860,  1878).  Similarly  piezoelectricity,  discovered  by  the  brothers 
Curie  (1880),  has  been  made  the  subject  of  a  seareliing  investigation 
by  Voigt  (1S90).  Finally  Kerr  (1875,  et  seq.)  observed  the  occurrence 
of  double  refraction  jn  an  electrically  polarised  medium.  Recent 
rei?earches,  among  which  those  of  Lemoine  (1896)  are  moet  accurate, 
have  diptericincJ  the  phase  differeuce  corresponding  to  the  Kerr 
effect  under  normal  conditions,  while  Voigt  (1899)  has  adduced 
an  adequUite  theory. 

Certain  electrostatic  inventions  have  had  a  nmrkcd  l>caring  on  the 
development  of  electricity.  We  may  mention  in  particular  Kelvin's 
quadrant  electrometer  (1867)  and  Lippmaim's  capillary  Rltctroinetcr 
(1873).  Moreover,  among  apparatus  originating  in  Nicholson's  dupli- 
cntor  (I78S)  and  Volta's  etectrophnrus,  the  Topler-Holtz  machine 
(1S65-67),  with  the  recent  improvement  due  to  Wimshurst,  ha* 
replaced  all  others.  Atmospheric  electricity,  after  the  memorable 
cxpcrimrnt  of  Franklin  (1751),  made  little  ppogress  until  Kelvin 
(1860)  organized  a  systematic  attack.  More  recently  o  revival  of 
interest  began  with  Exncr  (1886),  but  more  particularly  with  Linss 
(1887),  who  insisted  on  the  fundamental  importance  of  a  detailed 
knowledge  of  atmospheric  conduction.  It  is  in  this  direction  that  the 
recent  vigorous  treatment  of  the  atmosphere  as  an  ionixed  medium 
has  progressed,  owing  chieSy  to  the  indefatigable  devotion  of  Etster 
and  Cieitcl  (1899,  ct  scq.)  and  of  C.  T.  R.  Wilson  (1S97,  d  8eq.).  Quali- 
tatively the  main  phcnomeua  of  atmospheric  electricity  ore  now 
plausibly  accounted  for;  quantitatively  there  is  as  yet  very  little 
specific  informalioit. 
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VoUa  CorUadt 

Ita's  epoch-making  experiment  of  1797  may  well  be  added  to 
the  century  which  made  such  prolific  uae  of  it;  indeed,  the  Voltaic 
(tt]e  (lSOO-02)  and  Volta's  law  of  series  (1802)  come  just  within  it. 

'Among  the  iDmunerable  relevant  experiments  Kelvin's  dropping 
electrodes  (IS&O)  and  his  funnel  experiment  (1867)  are  among 
the  more  interesting,  while  tiie  Spannungsreihe  of  R.  Kohlrauach 

1(1851,  1853)  is  the  first  adequate  investigation.  Nevertheless,  the 
phenomenon  has  remained  without  s  universally  acceptable  explana- 
tioa  until  the  present  day,  when  it  is  reluctautly  yielding  to  electronic 
theory-,  although  ingenious  suggestions  like  HelmhoUz's  Doppel- 
hiehi   (1879),  the  interpretations  of  phytucal  chemistry  and  the 

"discovery  of  the  concentration  cell  (Helmholtz;  Nemst,  ISSIJ,  188&; 
Planck,  1890)  have  tlirown  light  upon  it. 

Araoug  the  carlicBt  Iheorica  of  the  gnlvanir  pcI!  is  Kelvin's  (1861, 
1860),  which,  like  Hclmholtz's,  is  incomplete.  The  most  satifiractory 

"theory  ia  Nemat's  (1889).  Gibba  (1878)  and  Helmholtz  (1882)  have 
made  Bearching  critical  contributions',   chiefly  in  relation   to  the 
thermal  phenomena. 
Volta's  invention  ■waa  made  practically  efficient  in  certain  famouM 

[galvanic  cells,  among  which  Daniell  's  (1836) ,  Grove's  (1839),  Clarke's 
(L878),  dcticrvc  mention,  and  the  purpose  of  mca,suromcnt  have 
been  subserved  by  the  potentiomctcrsof  PoggcndorS'(184l),  IJosscha 
(1855),  aorke  (1873). 

Seebeck  Conlacti 


Thermoelectricity ,  destined  to  advance  many  departments  of 
physics,  was  discovered  by  Seebeck  in  1821.  The  Peltier  effect  fol- 
lowed in  1834,  subsequently  to  be  interpreted  by  Icilius  (1853).   A 

Jtiwrmodynamic  theory  of  the  phenomena  came  from  Clausiua  (1853) 
ind  with  greater  elaboration,  together  with  the  discovery  of  the 
Thomson  effect,  from  Kelvin  (1854,  1858),  to  whom  the  thermo- 
electric diagram  is  due.  This  was  subsequently  developed  by  Tail 
(1872,  fi  ttq.)  and  liia  pupils.  Avenarius  (1863),  however,  fiist 
»baerved  the  thermoelectric  parabola. 

The  modern  platinum-iridium  or  platinum-rhodium  thermo- 
electric pyrometer  dates  from  about  1885  and  has  recently  been 
perfected  at  the  ReichsanBtolt.  Melloni  (1835,  «1  »eq.)  made  the  most 

.•fficient  use  of  the  thermopyle  in  detecting  minute  temperature 

[differences. 

EUclTolyeia 

Though  recogniied  by  Nichols  and  Carlisle  (1800)  early  in  the 
century,  the  taws  of  elcctrolyms  awaited  the  discovery  of  Faraday 
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(1S34).  Again,  it  wm  not  till  1S&3  that  further  marked  advances 
were  made  by  Hittorf's  (185S-59)  Btrikingly  originiU  researches 
nn  the  tnottons  of  the  ions.  Later  Claiisius  (1^7)  suggested  an  ade- 
quate theory  of  electrolysis,  which  was  Eubsequently  to  be  specialtKcd 
in  the  dissociation  hypothesis  of  Arrheniua  (1881,  1884).  To  tlic 
clabcjrnte  invosltgationa  of  F.  Kolilrauscb  (1879,  et  seq,),  however, 
science  owca  the  fuadamcntal  law  of  the  independent  velocities  of 
migration  of  the  ions- 

Polarization  discovered  by  Ritter  in  1803  became  in  the  hands 
of  Plants  (IR5J^-IS79)  an  invalimble  means  for  the  storage  of  energy, 
an  application  which  wjus  further  improved  by  Faure  (1880). 

Steady  Flow 

The  fundamental  law  of  the  steady  flow  of  electrieity,  in  spite 
of  its  Bimplicity,  proved  to  be  pex-uliiirly  elusive.  Tnie,  Cavendish 
(1771-81)  had  definite  notions  of  electrostatic  resistitnce  as  depend- 
ent on  length  eection  and  potential,  but  his  intuitions  were  lost  to 
the  world.  Davy  (1820),  from  his  experiments  on  the  resiptanncs  of 
conductors,  seems  to  have  arrived  at  the  law  of  sectione,  though  he 
obscured  it  in  a  misleading  statement.  Barlow  (1826)  and  Becquerel 
(1823-26),  the  latter  operating  with  the  ingenious  differential  gal- 
vanometer of  his  own  invention,  were  not  more  definite.  Surface 
effects  were  frequently  suspected.  Ohm  himself,  m  his  first  paper 
(1825),  confused  resistance  with  the  polarization  of  his  battery,  and 
it  was  not  till  the  next  year  (1826)  that  he  discovered  the  true 
law,  eventually  promulgated  in  hia  epoch-making  Die  galvaniicke 
AV«c(1827). 

It  is  well  known  that  Ohm's  mathematical  deductions  were  un- 
fortunate, and  would  have  left  a  gap  between  electrostatics  and 
voltaic  electricity.  But  after  Ohm's  iaw  had  be«n  further  experi- 
mentally established  by  Fechner  (IHilO),  the  correct  theory  waa 
given  by  Kirchhoff  (1849)  in  a  way  to  bridge  over  the  gap  specified. 
ICirchhoft  approat'hed  the  question  gradually,  considering  first  the 
distribution  of  current  in  a  ptajie  condurtor  (1845-46),  from  which 
he  passed  to  the  laws  of  distribution  in  branched  conductors  (1847- 
48)  —  laws  which  now  find  such  universal  application.  In  his  great 
paper,  moreover,  Kirclilioff  gives  the  general  equation  for  the  act- 
ivity of  the  circuit  and  from  this  Clausius  (1852)  soon  after  deduced 
the  Joule  effect  theoretically.  The  law,  though  virtually  implied 
in  Riess'B  results  (18.'J7),  was  experimentally  discovered  bv  Joule 
(1841). 

As  l>eariiig  critically  or  otherwise  on  Ohm's  law  we  may  mention 
the  researches  of  Helmholta  (1852),  of  Maxwell  (1876),  the  solution 
of  difficult  problems  in  regard  to  tcrminuls  or  of  the  resistance  of 
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special  forms  of  conductors,  by  Royleigh  (1871, 1879),  Hicks  (1883), 
and  others,  the  discusgjon  of  the  refraction  of  lines  of  Bow  by  Klrch- 
ho9  <1S45),  had  mtuiy  researches  od  the  Umita  of  accuracy  of  the 
law. 

finally,  in  regard  to  the  evolution  of  the  modem  galvanometer 
from  its  invention  by  Schweigger  (1820),  we  may  enumerate  in  sue- 
cession  Nobili's  astatic  system  (1834),  Poggcndorff'a  (1826)  and 
Gauss's  (1833)  mirror  device,  the  aperiodic  systems,  Weber's  (1862) 
and  Kelvin's  critical  study  of  the  best  condition  for  galvanometry, 
go  cleverly  applied  in  the  instruments  of  the  latter.  Keh-in's  siphon 
recorder  (1867), reproduced  in  the  Depreta-D'Arsonval  system (1882). 
has  adapted  the  galvanometer  to  modern  conditions  in  cities.  For 
absolute  measurement  FoulUet's  tangent  galvanometer  (1837). 
treated  for  absolute  measurement  by  Weber  (1840),  and  Weber's 
dynamometer  (1846)  have  lost  tittle  of  their  original  importance. 

Mofftictism 

MaitAetiem,  deBnitely  founded  by  Gilbert  (1600)  and  put  on  ft 
quantitative  basis  by  Coulomb  (1785),  was  first  made  the  subject 
of  reeondit«  theoretical  treatment  by  Poiseon  (1824-27).  The  inter- 
pretaUoD  thus  given  to  the  mechanism  of  two  conditionally  iteparable 
magnetic  fluids  facilitated  discussion  and  was  very  generally  used 
in  argument,  as  for  instance  by  Gauss  (1833)  and  others,  although 
Ampere  had  siiggest^d  the  permanent  molecular  current  as  early 
A8  1820.  Weber  (1852)  introduced  the  revolvabte  raolecujar  magnet, 
a  theory*  which  Ewing  (1890)  afterwards  generalized  in  a  way  to 
include  magnetic  hysteresis,  The  phenomenon  itself  was  independ- 
ently discovered  by  Warburg  (1881)  and  by  Ewing  (1S82),  and  has 
since  become  of  special  practical  importance. 

Faraday  in  1852  introduced  hie  invaluable  conception  of  lines  of 
ma^etic  force,  a  geometric  embodiment  of  Gauss's  (181.1,  1S.39) 
theorem  of  force  flux,  and  Maxwell  (1855,  18C2,  rfscj.)  thereafter 
gave  the  rigorous  scientific  meaning  to  this  conception  which  per- 
vades the  whole  of  contemporaneous  electromagnetics, 

The  phenomenon  of  magnetic  induction,  treated  hypothetically 
by  Poisson  (1824-27)  and  even  by  Barlow  (1820),  has  since  been 
attacked  by  many  great  thinkers,  like  F.  Neumann  (1848),  Kirchhoff 
(1854);  but  the  predominating  and  most  highly  elaborated  theory 
is  due  to  Kelvin  (1849,  ei  tiq.).  This  theory  is  broad  enough  to  be 
applicable  to  ffiolotropic  media  and  to  it  the  greater  part  of  the  not- 
atioo  in  current  use  throughout  the  world  is  due.  A  new  method  of 
attack  of  great  promise  has,  however,  been  introduced  by  Duhem 
(1888, 18&5,  et  aeq.)  in  his  application  of  the  thermodynamic  potential 
to  magnetic  phenomena. 
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Magneticians  have  succeeded  in  expressing  the  magnetic  distri- 
bution induced  in  certain  simple  geometricAl  figures  like  tho 
ephere,  the  spherical  shell,  the  elhpsoid,  the  infinite  cylinder,  the 
liog.  Green  in  1828  gave  an  original  but  untrustworthy  treatment 
for  the  finite  cylinder.  Lamoilar  and  solenoidal  distributions  are 
defined  by  Kelvin  (1850),  to  whom  the  similarity  Iheoreras  (1856) 
are  also  due.  Kirchhoff's  results  for  the  ring  were  practically  utilized 
LD  the  absolute  measurements  of  Stoletow  (1S72)  and  of  Rowland 
(1878). 

Diamagnetism,  though  known  since  Bnigmans  (1-778),  first  chal- 
lenged the  permanent  interest  of  science  in  the  researches  of  Becqucrel 
<1827)  and  of  Faraday  (1845).  It  is  naturally  included  liarmonioualy 
in  Kelvin's  great  theory  (1847,  et  stg.).  Independent  explanations  of 
diamagnetism,  however,  have  by  no  means  abandoned  the  field; 
one  may  instance  Weber's  (1852)  ingenious  generalization  of  Ampgre'a 
molecular  currents  (1820)  and  the  broad  critical  deductions  of  Duhem 
(1889)  from  the  thermodynamic  potential.  For  the  treatment  of 
fflolotropic  maguelic  media,  Kelvin's  (1850,  1851)  theory  seems  to 
be  peculiarly  applicable.  Weber's  theory  would  seem  to  lend  itself 
well  to  electronic  treatment. 

The  extremely  complicated  subject  of  raagitetostriction,  originally 
observed  by  Matteuci  (1847)  and  by  Joule  (1849)  in  different  cases, 
and  elaborately  studied  by  Wiedemann  (iS&S,  ct  «f?)j  ^*^  been 
repeatedly  attacked  by  thcorctioflJ  physicists,  among  whom  Helm- 
holtz  (1881),  Kirehhoff  (1S85),  Boltzmann  (1879),  and  Duhem  (189!) 
may  be  mentinned.  Noneof  the  carefully  elaborated  theories  accoun  s 
in  detail  for  tho  facts  observed. 

The  rrlutiniis  i»f  mugneti.'im  to  light  have  increased  in  importance 
since  the  fundamental  discoveries  of  Faraday  (1845)  and  of  Vcrdet 
(1854),  and  they  have  been  specially  enriched  by  the  magneto-optic 
discoverie.'!  of  Kerr  (1876,  et  seq.),  of  Knndt  (1884,  H  acq.),  and  more 
recently  by  the  Zeemann  effect  (1897,  el  seq.).  Among  the  theorie 
put  forth  for  the  latter,  the  electronic  explanation  of  Lorentz  (1898 
1899)  and  that  of  Voigt  (1899)  are  supplementary  or  at  least  not  con 
tradictory.  The  treatment  of  the  Kerr  effect  has  been  systematized 
by  Drudo  (1S93,  1803).  The  instantaneity  of  the  rotational  effect 
was  first  shown  by  Hicbat  and  Blondlut  (1882),  and  this  result  has 
since  been  found  aseful  in  chronography.  Sheldon  demonstrated 
the  pos^bility  of  reversing  the  Faraday  effect.  Finally  terrestrial 
magnetism  wasrcvolutinnijied  and  made  accessible  to  absolute  meas- 
urement by  Gauiis  (1S33),  and  his  method  scn-cd  Weber  (1840,  et 
se^.)  and  his  successors  as  a  model  for  the  definition  of  absolute  units 
throughout  physics.  Another  equally  important  contribution  from 
the  same  great  thinker  (1840)  is  the  elaborate  treatment  of  the  dis- 
tribution of  teirestrial  magnetism,  the  computations  of  which  have 
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been  twice  moclemixed,  In  the  last  inatance  by  Xeumeyer  *  (1S80). 
Magnetometric  nict-hods  have  atlvaaced  but  little  sincB  the  time  of 
Gauss  (1833),  and  Weber's  (ISSa)  earth  inductor  rcmaina  a  standard 
instrumeut  of  rtsearch.  Obsci^'ationally,  the  dcveJopment  of  cycles 
of  variation  in  the  earth's  constants  ia  looked  fora'ard  to  with  eager- 
ness, and  will  prolmbly  bear  an  an  adequate  theory  of  terrestrial 
ma^eUsm,  yet  to  be  framed.  Arrheniua  (190?)  accentuates  the 
importance  of  the  solar  cathode  torrent  in  its  bearing  on  tlie  earth's 
magnetic  pbenomoua. 

ElectTomagndism 

Elcctromagnetism,  eonaidcred  either  in  theory  or  in  its  applica- 
tions, is,  perhaps,  the  moat  conspicuous  creation  of  the  nineteenth 
century.  Regirning  with  Oersted's  great  discovery  of  1S20,  the 
quantitative  mcnsurcmcnts  of  JMcit  and  tjavart  (1S20)  and  Laplace'a 
(1S2I)  law  followed  in  quick  eucccssion.  Ampere  (1S20)  without 
dclny  propounded  his  famous  theory  of  magnetism.  Eor  many  years 
tlwt  scion™  wa.'i  conveniently  suhsen-'ed  by  Arapi^rc's  swimmer  (IS20), 
though  his  functions  have  aince  advantageously  yielded  to  Fleming's 
hand  nile  for  moving  current  elements.  The  induction  prnduced  by 
ellipaoida]  colls  or  the  lierivative  cases  is  fully  understood.  In  prac- 
tice tbe  rule  for  the  muj^etic  circuit  deviised  by  the  Hopkinsons 
(18S6)  is  in  eeneral  Ms&.  It  may  be  regarded  as  a  terse  summary  of 
the  theories  of  Euler  (17$0),  Faraday,  Maxwell,  and  particularly 
Kelvin  {1872),  who  already  made  explicit  use  of  it.  Nevertheless, 
the  clear-cut  practical  interpretation  of  the  present  day  had  to  be 
gradually  worked  out  by  llowland  (1873,  1884),  Bosanquet  (1SS3- 
85),  Kapp  (1885),  and  Pisati  (1890). 

The  construction  of  elementary  motors  was  taken  up  by  Faraday 
(1S21),  Ampere  (1822),  Barlow  (1822),  and  otbers,  and  they  were 
treated  rather  as  laboratory  curiosities;  for  it  was  not  until  18&7  that 
Siemens  devised  his  shuttle-wound  armature,  and  the  development 
of  the  motor  thereafter  went  pari  passu  with  tlie  dynamo,  to  be  pre- 
sently considered.  It  culminated  in  a  new  principle  in  1888,  when 
Ferraris,  and  somewhat  !at«T  Teala  (1888)  and  Borel  (1888).  intro- 
duced polyphase  tranamissioa  and  tbe  more  practical  realisation  of 
Arsgo's  rotating  magnetic  field  (1824). 

Theoretical  electromagnetics,  after  a  period  of  quiescence,  was 
again  enriched  by  the  discovery  of  the  Hall  eSect  (1879,  el  se^.),  which 
at  OQce  eUcited  wide  and  vigorous  discussion,  and  for  wbtch  Row- 
land (1880),  Lorent«  (1883).  Boltzmaim  (18SC),ftnd  others  put  foi^ 
ward  theories  of  continually  iocreaaing  Bnish.  Nemst  and  v.  Ettings- 
liuuen  (1886, 1887}  afterwards  added  the  thcrmomagnetic  effect. 

'  I>f.  L.  A.  Bauer  kindljr  callod  m^  att^^ticn  to  tho  more  recent  work  of  A. 
Bclunidl  sununaricMl  id  Dr.  Bauer's  owq  admirable  iMpea. 
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The  discovery  and  interpretation  of  electrodynamic  phenomenft 
were  the  burden  of  the  unique  rescarchea  of  Ampfere  C1S20,  et  acq., 
hff^muir,  1826).  Not  until  1846,  however,  were  Ampere's  results 
critically  tested.  This  examination  came  with  great  originality  from 
Weber  using  the  biBlar  dynamometer  of  his  own  invention.  Grass- 
maim  (1845),  Maxwell  (1873),  and  others  have  invented  elementary 
laws  differing  from  Ampere's;  but  as  Stcfau  (1S09)  showed  that  an 
indefinite  number  of  such  laws  might  be  constructed  to  meet  the 
given  integral  conditions,  the  original  law  is  naturally  preferred. 

Induction 

Faraday  (1S3I,  1832)  did  not  put  forward  the  epoch-making  dia- 
covery  of  electrokinetic  induction  in  quantitative  form,  as  the  great 
physicist  was  insufficiently  familiar  with  Ohm's  law.  Lentz,  how- 
ever, soon  supplied  the  requisite  interpretation  in  a  aeries  of  papers 
(18S3.  1835)  wtiich  contain  his  wcll-known  law  both  for  the  mutual 
inductions  of  circuits  and  of  magnets  and  circuits.  Lentz  clearly 
announced  that  the  induced  quantity  is  an  electromotive  force,  in- 
dependent of  the  diameter  and  metal  and  varying,  carteris  parihug, 
with  the  number  of  spires.  The  mutual  induction  of  circuits  was 
first  carefully  studied  by  Webpr  (1846),  later  by  Fillci  (1862),  using 
u  zero  method,  and  Faraday's  self-induction  l>y  Bdlund  (1849), 
while  Matteuci  (1S54)  attcst-ed  the  independence  of  induction  of  the 
interposed  non-magnetic  medium-  Hear>'  (1S42)  demonstrated  the 
successive  induction  of  induced  currents. 

Curiously  enough  the  occurrence  of  eddy  currents  in  massive  con- 
ductors moving  in  the  magnetic  field  was  announced  from  a  differ- 
ent point  of  view  by  Arago  (1824-26)  long  before  Faraday's  great 
discovery.  They  were  but  vaguely  understood,  however,  unlit  Fou- 
cault  (1S53)  made  bis  investigation.  The  general  problem  of  the 
induction  to  be  anticipated  in  massive  conductor  is  one  of  great 
interest,  and  Hclmholtz  (1870),  KirchhofF  (1891),  Maxwell  (1873), 
Hertz  (ISSO),  and  others  have  treated  it  for  different  geometrical 
figures. 

The  rigorous  expreRsion  of  the  law  of  induction  was  first  ob- 
tained by  F.  Neumann  (1S45,  IS47)  on  the  basis  of  Lent^'s  law,  both 
for  circuits  and  for  magnets.  W.  Weber  (1846)  deduced  the  law  of 
induction  from  his  generalized  law  of  attraction.  More  acceptably, 
however,  Helmholtz  (1847),  and  shortly  after  him  Kelvin  (184S), 
showed  the  law  of  induction  to  be  a  necessary  consequence  of  the 
law  of  the  conservation  of  energy,  of  Ohm's  and  Joule's  law.  In 
1851  Helmholtz  treated  the  induction  in  branched  circuits.    Finally 
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lay's  " electrotonio  state"  was  mathematically  interpreted 
Uurty  yean  later,  by  Maxwell,  and  to-diiy,  under  the  name  of  elec- 
troma^etic  momentum,  it  is  being  translated  into  the  notation  of 
the  electronic  theory. 

Many  physicists,  following  the  fundnmcntal  equation  of  Neumann 
(1845,  1847),  have  developed  the  trentmcnt  of  mutunl  nnd  self  in- 
duction with  special  reference  to  experimental  measurement. 

On  the  practical  side  the  magnetn-indm-tor  may  be  traced  back 
to  d'al  Negro  (1832)  and  to  Pixii  (1832).  The  tremendous  devel- 
opment of  induction  electric  machinery  wliich  followed  the  intro- 
duction of  Sicmcns's  (1857)  armature  can  only  bo  instanced.  In  1867 
Siemens,  improving  upon  Wilde  (1866),  designed  electric  generators 
icithout  permanent  magnets.  Pacinotti  (1860)  and  later  Gramme 
(1871)  invented  the  ring  Hrmatiire,  while  von  TTefner-AIteneck  (1872) 
and  others  improved  the  drum  armature.  Thereafter  further  progrees 
waa  rapid. 

It  took  a  different  direction  in  connection  with  the  Ferraris  (1888) 
motor  by  the  development  of  the  induction  coil  of  the  iaboTtttor>' 
(Faraday,  1831;  Xeef,  1839;  Ruhmkoff,  1853)  into  the  transformer 
(Gaulard  and  Gibbs,  1SS2-S4)  of  the  arts.  Among  specini  apparatus 
Hughes  (1879)  contributed  the  induction  balance,  and  Tesia  (1891) 
the  liigh  frequency  transformer.  The  Elihu  Thompson  effect  (1887) 
has  also  been  variously  used. 

Jn  1860  Reiss  devised  a  telephone,  in  a  form,  however, not  at  once 
capable  of  practical  development.  Bell  in  1875  inventftd  a  different 
inslriunent  which  needed  only  the  microphone  (I87S)  of  Huglies 
and  others  to  intruduc-e  it  pernmnently  into  the  arts.  Of  particu- 
lar importance  in  its  bearing  on  telegraphy,  long  assticiatcd  with 
the  names  of  Gauss  and  Weber  (1833)  or  practically  with  Morse 
and  Vail  (1S37),  is  the  thcor>-  of  conduction  with  distributed  capac- 
ity and  inductance  established  by  Kelvin  (1856)  and  extended  by 
KirchhofT  (1857).  The  working  flucoees  of  the  Atlantic  cable  demon- 
Ktrated  the  acumen  of  the  guiding  pliyaicisl. 

Electric  Oscillation 


The  subject  of  electric  oscillation  announced  in  a  remarkable  paper 
of  Henry  in  1842  and  threshed  out  in  its  main  features  by  Kelvin 
in  1856,  followed  by  Kirchhoff's  treatment  of  the  transmisuyon  of 
OBcillations  along  a  wire  (1857),  has  become  of  discriminating  im- 
portance between  Maxwell '•■»  theory  of  the  electric  field  and  the 
other  equally  profound  theories  of  an  earlier  date.  These  crucial 
experimcnte  contributed  by  Herts  (1887,  vt  stq.)  showed  that  elec- 
tromagnetic waves  move  with  the  velocity  of  light,  and  like  it 
are  capable  of  being  reQected,  refracted^  brought  to  interference,  and 


62 


PHYSICS 


polftrised.  A  year  Inter  Hertz  (1888)  worked  out  the  distribution  of 
the  vei'lors  in  the  spaco  surrounding  the  oscillatorj'  sotirce.  Lecher 
(1890)  using  an  ingenious  device  of  parallel  wires,  Blondlot  (189]) 
with  a  special  oscillntor,  and  with  great-er  accuracy  Trowbridge 
and  Duane  (1895)  and  Saunders  (1S96),  further  identified  the  veloc- 
ity of  the  electric  wave  with  that  of  the  wave  of  Ught.  Simultan- 
eously the  reasons  for  the  discrepancies  in  the  strikingty  original 
method  for  the  velocity  of  electricity  duo  to  Wheatstoue  (1834), 
and  the  American  and  other  longitude  observations  (Walker,  1894; 
Mitchell.  1850;  Gould,  1851),  became  apparent,  though  the  nature 
of  the  didjcultics  had  already  appeared  in  the  work  of  Fizeau  and 
Gouiielle  (1850). 

Some  doubt  was  thrown  on  the  details  of  Herta's  reeults  by  Sarasiu 
and  de  la  Rive's  phenomenon  of  multiple  le^onance  (189U),  but  thin 
was  soon  explained  away  us  the  necessary  result  tit  the  occurrence 
of  damped  osrillations  by  Poincarfi  (lS9l),  by  Bjerknea  (iSSl),  and 
others.  J.  J.  Thomson  (1891)  contributed  interesting  results  for 
clcctrodclcss  discharges,  and  on  the  value  of  the  diclct^trio  constant 
for  slow  oscillations  (1889);  Boltzmann  (1893)  examined  the  inter- 
ferences due  io  thin  plat«a;  but  it  is  hanily  practicable  to  aummarire 
the  voluminous  history  of  the  subject.  On  the  practical  side,  we  are 
to-day  witnessing  the  astoundingly  rapid  growth  of  Hertzian  wave 
wireless  telegraphy,  due  to  the  siircessive  inventiiins  of  Hranly  (1S90, 
lS91).Popoff,  Braun  (lS99),and  the  engineering  prowess  of  Marconi. 
In  1901  these  efforts  were  crownetl  by  the  incredible  feat  of  Mar- 
coni's first  message  from  Poldhii  to  Cape  Breton,  placing  the  Old 
World  within  electric  earshot  of  the  New. 

Maxwell's  equations  of  the  electromagnetic  field  were  put  for- 
ward as  early  ns  1804,  but  the  whole  subject  is  presented  in  its  broad- 
est relations  in  his  famous  treatise  of  1S73.  The  fundamental  feature 
of  Maxwell's  work  is  the  recognition  of  the  displacement  current, 
a  conception  by  which  Maxwell  was  able  to  annex  the  phenomena 
of  light  to  electricity.  The  methods  by  which  Maxwell  arrived  at 
his  great  discoveries  are  not  generally  admitted  as  logiijally  binding. 
Most  physicists  prefer  to  regard  them  as  an  invaluable  possession 
as  yet  unliquidated  in  logical  coin;  but  of  the  truth  of  his  equations 
there  is  no  doubt.  Maxwell's  theory  has  been  frequently  expounded 
by  other  great  thinkers,  by  Rayleigh  (1881),  by  Poincar^  (1890), 
by  Boltzmann  (1890),  by  Heaviaide  {IS8»),  by  Herts  (1890),  by 
Lorentz,  and  others.  Hertz  and  Heaviside,  in  particular,  have  con- 
densed the  equations  into  the  syni metrical  form  now  commonly 
used.  Poynting  (1884)  contributed  his  remarkable  theorem  on  the 
eiiergj'  path. 

Prior  to  1870  the  famous  low  of  Weber  (1846)  had  gained  wide 
recognition,  containing  as  it  did  Coulomb's  law,  Antpi^rc's  law, 
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Laplace's  law.  Neumann's  law  of  inductioD,  the  conditiooa  of  electric 
oecillation  and  of  electric  convection.  Every  phenomenon  in  electric- 
ity was  deiiucible  from  it  compatibly  with  the  doctrine  of  the  con- 
servation of  energy.  Clausius  (1878),  moreover,  by  a  logical  effort  of 
extraordinary  vigor,  established  a  gimilar  law.  Moreover,  the  early 
confirmation  of  Maxwell's  theory  in  tercns  of  the  dielectric  constant 
aad  refractive  index  of  the  medium  was  complex  and  partial.  Row- 
lukd's  (1S7G,  IS89)  famous  experiment  of  electric  convection,  which 
has  recently  been  repeatedly  veritied  by  Fender  and  Crcmicu  and 
others,  though  deduced  from  Maxwell's  theory,  is  not  incompatible 
with  Weber's  view.  Again  the  ratio  between  the  electrostatic  and 
the  electromagnetic  system  of  units,  repeatedly  determined  from 
the  eariy  tnoasiu^mcnt  of  Maxwell  (1868)  to  the  recent  cliiborute 
determinations  of  Abraham  (1892)  and  Margaret  Maltby  (1897), 
with  an  ever  closer  approach  to  the  velocity  of  light,  was  at  its  incep- 
tion one  of  the  great  original  feats  of  meaiiurement  of  Weber  himself 
assoctated  with  KohlraUKcb  (1S56).  The  ohler  thcorien,  however, 
are  based  on  tlie  so-called  action  at  a  distance  or  on  the  iiintantane- 
uus  transmission  of  electromagnetic  force.  Mu.\weirs  equations,  while 
equally  universal  with  the  preceding,  prodicutc  not  merely  u  finite 
time  of  transmission,  but  transmissiuu  at  the  rate  of  the  velocity 
of  light.  The  triumph  of  this  prediction  in  the  work  of  Hertz  has 
left  no  further  room  for  roasonublc  discrimination. 

As  a  consequence  of  the  rcsultini;  enthusiasm,  perhaps,  there  has 
been  but  little  reference  in  recent  years  to  the  great  investigation 
of  Helmholta  (1870,  1874),  which  includes  Maxwell's  equations  as 
a  special  cane;  nor  to  his  later  deduction  {ISS6,  18fl3)  of  Hertz's 
Aquations  from  the  principle  of  least  action.  Nevertheless,  Uelm- 
holtjj's  electromagnetic  potential  is  deduced  rigorously  from  funda- 
tnental  principles,  and  contains,  as  Duhcm  (100 1)  showed,  the  electro- 
magnetic theory  of  light. 

Maxwell's  own  vortex  theorj'  of  physical  lines  of  force  (1861, 
1862)  probably  suggested  his  equations.  In  recent  years,  however, 
the  efforts  to  deduce  them  directly  from  apparently  simpler  proper- 
ties of  a  continuous  medium,  as  for  instance  from  its  ideal  elastics, 
or  again  from  a  specialized  etlier,  have  not  been  infrequent.  Kelvin 
(1890),  with  his  quasi-rigid  ether,  Boltzmann  (LS93),  Sommerfeld 
(1892),  and  others  have  worked  cfnciently  in  titis  direction.  On  the 
other  hand,  J.  J.  Thomson  (1891.  et  aeq.),  with  remarkable  intuition, 
affirms  the  concrete  physical  existence  of  Faraday  tubes  of  force, 
and  from  this  hypothesis  reaches  many  of  his  brilliant  predictions 
on  the  Datura  of  matter. 

As  a  final  commentary  on  all  these  divers  interpretations,  the 
important  dictum  of  Poincar^  should  not  be  forgotten:  If,  says 
Poincar^,  compatibly  with  the  principle  of  the  conservation  of  energy 


I 


&4 


PHYSICS 


and  of  least  action,  any  single  etiier  mechaniam  is  poagible,  there 
must  at  tlie  same  time  be  an  infinity  of  others. 


The  Et^tronic  Theory 


The  splendid  triumph  of  the  electronic  theory  cs  of  quite  recent 
date,  although  Davy  discovered  the  electric  arc  in  1821.  and  althougl 
many  experiments  were  made  on  the  conduction  of  gases  by  Faraday 
(1838),  Reiss.  Gassiot  (185S,  ft  seq.),  and  others.  The  marvelous 
progress  which  the  subject  has  made  begins  with  the  observations 
of  the  properties  of  the  cathode  ray  by  Pliickcr  and  Hittorf  (1868), 
brilliantly  substantiated  and  extended  later  by  Crookes  (1879). 
Hertz  (1S92)  and  more  specificaily  Lenard  (1894)  observed  the  pass- 
age of  the  cathode  rays  into  the  atmosphere.  Perrin  (1895)  sliowed 
them  to  be  negatively  charged.  Rontgen  (1893)  shattered  them 
against  a  solid  obstacle,  generating  the  X-ray.  Goldstein  (1886) 
discovered  the  anodal  rays. 

Schuster's  (lb90)  original  determination  of  the  charge  carried  by 
the  ion  per  gram  was  soon  followed  by  others  utilizing  both  the  elec- 
tro-itatic  and  the  magnetic  deviation  of  the  rathotle  torrent,  and  by 
Lorentz  (1895)  using  the  Zeernan  effect.  J.  J.  Thomson  (1S9S)  suc- 
ceeded in  measuring  the  charge  per  corpuscle  and  its  mass,  and  the 
velocities  following  Thomson  (1897)  and  Wiechert  (1899),  are  known 
under  most  varied  conditions. 

But  all  this  rapid  advance,  remarkable  in  itself,  became  startlingly 
so  when  viewed  correlntivcly  with  the  new  phenomena  of  radio- 
activity, discovered  by  Becquercl  (1896),  wonderfully  developed  by 
M.  and  Madame  Curie  (1898,  etirrg.),byj.  J.  Thomson  and  his  pupils, 
particularly  by  Rutherford  (IS99,  rt  seq.).  From  the  Curies  came 
radium  (1898)  and  the  thermal  effect  of  radioactivity  (1903),  from 
ThonieoD  much  of  the  philosophical  prevision  which  revealed  the 
lines  of  simplicity  and  order  in  a  bewildering  chaos  of  facts,  and 
from  Rutherford  the  brilliant  demonstration  of  atomic  disintegra- 
tion (1903)  wlijch  has  become  the  immediate  trust  of  the  twentieth 
century.  Even  if  the  ultimate  significance  of  such  profoimd  re- 
searches as  Larmor's  (1891)  Ether  and  Maitrr  cannot  yet  be  dis- 
cerned, the  evidences  of  the  transmutation  of  matter  are  assured, 
and  it  is  with  these  that  the  century  will  immediately  have  to  reckon. 

The  physical  manifestations  accompanying  the  breakdown  of 
atomic  atructure,  astoundmgly  varied  as  these  prove  to  be,  assume 
fundamental  importance  when  it  appears  that  the  ultimate  issue 
involved  is  nothing  less  than  a  complete  reconstruction  of  dynamics 
on  an  electromagnetic  basis.  It  is  now  confidently  affirmed  that  the 
mass  of  the  electron  Is  wholly  of  the  nature  of  electromagnetic 
inertia,  and  hencCi  as  Abraham  (1902),  utilizing  Kaufmann's  data 
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(1902)  on  the  increase  of  electromagnetic  mass  with  the  velocity  of 
the  corpuscle,  has  shown,  the  Lagrangian  equations  of  motion  may  be 
recast  in  an  electromagnetic  form.  This  profound  question  has  been 
approached  independently  by  two  lines  of  argument,  one  beginning 
with  Heavlside  (1889),  who  seems  to  have  been  the  first  to  compute 
the  magnetic  energy  of  the  electron,  J.  J.  Thomson  {1891,  1893), 
Morton  (1896),  Searle  (1896),  Sutherland  (1899);  the  other  with 
H.  A.  Lorentz  (1896),  Wiechert  (1898,  1899),  Des  Coudres  (1900), 
Drude  (1900),  Poincarfi  (1900),  Kaufmann  (1901),  Abraham  (1902). 
Not  only  does  this  new  electronic  tendency  in  physics  give  an  accept- 
able account  of  heat,  light,  the  X-ray,  etc.,  but  of  the  Lagrangian 
function  and  of  Newton's  laws. 

Thus  it  appears,  evwi  in  the  present  necessarily  superficial  sum- 
mary of  the  progress  of  physics  within  one  hundred  years,  that,  curi- 
ously enough,  just  as  the  nineteenth  century  began  with  dynamics 
and  closed  with  electricity,  so  the  twentieth  century  begins  anew 
with  dynamics,  to  reach  a  goal  the  magnitude  of  which  the  human 
mind  can  only  await  with  awe.  If  no  Lagrange  stands  toweringly 
at  the  threshold  of  the  era  now  fully  begun,  superior  workmen  abound 
in  continually  increasing  numbers,  endowed  with  insight,  adroit- 
ness, audacity,  and  resources,  in  a  way  far  transcending  the  early 
visions  of  the  wonderful  century  which  has  just  closed.. 
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It  is  evident  at  the  outset  that  it  is  quite  out  of  the  quejttion,  in 
the  time  nt  our  disposfti,  to  dlscUBs  adequately  the  relation  of  the 
physics  of  matter  to  the  other  sciences,  even  if  the  epeuker  wore 
endowed  with  the  requisite  omoiscieDce. 

For  maiitT  is  the  very  stuff  in  whicli  tlie  phenomena  of  all  the 
natural  sciences  are  manifested,  the  chemist  finds  himself  con- 
fronted at  ever>-  turn  with  physical  relations  whieh  must  be  ttiken 
into  account,  the  astronomer  finds  his  grealest  triumph  in  exhibit- 
ing the  universe  that  lie  explores  with  the  telescope  a«  an  harmonious 
illustration  of  physical  prini^ipU-s,  the  geologist  aliso  hardly  faces  a 
■ingle  question  that  docs  not  dciiiand  tlic  aid  of  physics  or  chemistry 
ia  it«  solution,  and  even  in  the  biological  sciences  the  laws  of  matter 
itill  condition  the  phenomena  of  life- 

Perhaps  a  brief  consideration  of  the  interrelations  of  those  sciences 
may  aid  us  in  a  clearer  perception  of  their  dependence  ou  the  physics 
of  matter. 

Tliere  are  thrte  sciences  that  may  he  said  to  be  especially  funda- 
mental, in  that  they  deal  with  the  clemeats  of  the  universe  of  phe- 
ftomeoa.  These  are  pAywcs,  which,  if  we  define  it  somewhat  narrowly, 
deala  with  all  the  phenomena  that  ran  l>e  exhibited  hy  and  throvyh 
(Jke  in^atuo/ any  one  kind  nf  matter. as  well  as  all  interactions  between 
different  kinds  of  matter  in  which  each  preserves  its  separate  iden- 
tity; chemialry.  whicli  has  for  its  province  those  special  phenomena 
in  which  one  kind  of  matter  ia  broken  up  into  two  or  more  kinds. 
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or  in  which  the  interactions  between  different  kinds  of  matter  result 
in  the  formation  of  a  substance  different  from  either  of  the  constitu- 
euts;  and  that  phase  of  biology  which  is  concerned  with  the  study 
of  the  living  cell  and  of  the  simplest  conditions  under  which  matter 
exhibit*  the  phenomena  of  life. 

It  might  have  k)e«a  said  that  jihysks  deals  with  those  phenomena 
exhibited  by  and  through  matter  when  molecular  groupings  of  atoms 
are  not  disturbed,  wbde  chnnistnj  deals  with  the  phenomena,  of  the 
formation  and  breakmg-up  of  the  molecules.  But  such  a  statement 
is  based  upon  a  theory  of  the  structure  of  matter  which  in  itself  calls 
for  explanation,  and  therefore  the  previous  statement  is  preferred  as 
being  more  general  and  avoiding  the  theoretical  assumptions  that 
are  involved  in  those  just  given. 

If  it  is  asked  what  constitutes  a  particular  kind  of  matter,  why, 
for  instancer  water-vapor  is  said  to  be  the  same  substance  as  water 
in  the  liquid  form,  it  may  be  said  that  it  is  because  one  can  be  vrhoUy 
transformed  into  the  other,  each  is  homogeneoUH,  and  remains  un- 
changed in  ito  properties  during  the  trantifurming,  and  llie  trans- 
formation is  unique. 

Professor  Ostwald  has  recently  given  a  most  uitcrcsting  statement 
of  the  criterion,  by  which  a  substance  or  chemical  individual  may 
be  rocogniaed  without  the  need  of  any  atomic  hypothesis.  We  may 
summarize  hia  presentation  thus:  Where  two  substances  are  com- 
bined as  in  solution,  there  will  be  one  and  only  one  proportion  be- 
tween the  qufintittes  of  the  substances  for  which,  on  change  of  state, 
such  as  evaporatioD  or  crystnllizalion,  the  vapor  or  crj-stals  will 
have  the  same  composition  as  the  remaining  substance,  while  with 
u  Kroator  or  less  proijortion  of  either  ingredient,  there  will  be  a  change 
of  concentration  with  change  of  state.  When  such  a  combination 
retains  this  property  under  widely  different  conditions  of  temperB- 
tuTQ  and  pressure,  it  is  known  as  a  chemical  individual  or  definite 
compound.  If  under  no  circum-stances  it  can  be  broken  up  into  two 
phases  which  differ  in  constitution,  it  is  called  an  element. 

Ostwald  remarks,  "The  possibility  of  being  changed  from  one 
phase  into  another  without  variation  of  the  properties  of  the  residue 
and  of  the  new  phase  is  indeed  the  most  characteristic  property  of 
■  iubstance  or  chemical  individual,  and  ail  our  methods  of  testing 
the  purity  of  a  substance,  or  of  preparing  a  pure  one,  can  be  reduced 
to  this  one  property." 

But  returning  to  our  classiBcatton,  it  is  seen  that  physics,  chemis- 
try, and  biology  are  the  three  fundamental  natural  sciences,  each 
having  as  its  primary  object  not  the  mere  arrangement  and  classi- 
fication of  phenomena,  but  the  fonnation  of  such  a  concept  of  matter 
in  those  relations  with  which  it  deals,  that  the  varied  facts  of  obser- 
vation appear  as  natural  and  inevitable  consequences. 
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Tbe  other  sciences  are  in  b  certain  sense  secondary  to  the  three 
that  h&ve  be«n  mentioned.  Each  is  concerned  with  the  investigntion 
of  some  system  that  is  built  up  out  of  matter,  and  involves  the  same 
fundamental  relations  which  are  the  objects  of  study  for  the  primary 
niencee.  but  tbe  secondary  science  finds  its  interest  not  in  the  m&- 
teriale  of  whicb  the  structure  ia  made,  but  in  the  study  of  the  result- 
ing structure  itself. 

Thus  astronomy  seeks  to  describe  and  make  out  the  past  history 
and  future  development  of  the  universe  of  sun  and  star  and  planet. 
The  sciences  of  the  earth  are  concerned  with  the  history  of  the  devel- 
opment of  our  planet,  with  the  present  phenomena  of  itfi  interior, 
of  ite  cruet,  of  its  surface,  and  of  its  atmosphere,  while  the  secondary 
biological  sciences  have  as  their  eJm  to  trace  the  relations  of  the 
various  forms  of  life  and  to  follow  out  the  developments  of  e&i'h. 

But  while  each  secondary  science  thus  has  an  aim  of  its  own  quite 
distinct  from  that  of  the  primary  sciences,  nevertheless  it  must  be 
controlled  and  to  some  extent  guided  by  the  sciences  of  matter. 
Thus  in  aimost  every  science  chemical  pbenomena  play  a  part 
which  mugt  be  reckoned  with,  while  physics,  dealing  as  it  does  with 
tbe  most  universal  phenomena  of  matter,  underlies  and  conditians 
all  the  sciences  without  exception.  Therefore  it  is  to  be  expect«d 
that  with  the  development  of  physics  both  in  discovery  and  theory 
there  Bboold  be  a  grcakT  or  less  redaction  on  the  utiicr  sciences,  for 
in  BO  fftr  aa  they  <lepenU  for  their  development  on  the  laws  of  matter 
they  are  dependent  on  the  labors  of  tbe  physicist. 

W©  might  therefore  expect  to  find  in  every  science,  if  we  only  knew 
tt  wdl  enough,  a  response  to  every  consider^le  advance  in  physics. 
For  the  advances  in  a  science  result  not  from  discovery  alone,  but 
from  new  points  of  view  taken  by  thoae  who  arc  thinking  on  ita 
problems;  and  the  ideas  of  physics,  bearing  as  they  may  bo  said  to 
do  on  tbe  raw  material  of  the  other  sciences,  muit  in  a  preeminent 
degree  influence  the  thinking  of  workers  in  all  iiclds. 

It  deserves  to  be  empbasiied  that  every  science  is  an  intellectual 
Bliucture.  Only  aa  this  is  conceded  will  science  be  yielded  the  lofty 
and  dignified  position  whicb  ia  its  due.  Experiments  may  he  multi- 
plied, facts  and  datu  may  bo  accumulated  in  bewildering  numbers, 
but  there  is  no  science  without  the  clear  intcllectu&l  vision  that  sees 
the  parts  in  their  dcpendcnpies  and  relations  one  to  another  and 
eatchefi  glimpses  of  the  larger  unities  that  run  through  all. 

They  are  mistaken  who  think  the  true  scientist  less  on  idealist 
than  ia  the  artiat  or  student  of  literature,  or  who  think  tbe  path  of 
experiment  mere  drudgery  in  the  accumulation  of  insignificant  fact^. 
Tbe  investigator  lives  in  a  world  of  ideas,  and  in  every  step  of  a  dif- 
ficult inquiry  he  has  the  buoyant  consciousness  that  he  is  getting 
a  deeper,  truer  insight  into  his  science. 
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This  inlellectual  character  of  scientific  retfearch  is  well  illustrated 
in  the  enthuwiaum  which  marked  the  news  of  Hertz's  discovery  of 
clectromagDetic  waves.  The  facts  obeen'od  might  easily  have  been 
thought  to  be  in  thcmecK-es  insiKnificant :  a  riight  spnrk  observed 
b*tw<?*n  the  ondg  of  a  bent  wire  near  a  diseharpnfi;  oleetritiod  system. 
There  was  no  thought  of  r  practical  application,  and  yet  a  wave  of 
almost  unprecedented  excitement  spread  among  physicists  the  world 
over.  Nor  was  it  alone  admiration  for  the  skill,  the  insight  and  grasp 
of  the  greiit  experimenter  that  won  the  victory,  though  this  had  its 
effect.  It  was  mainly  an  exultant  enthusiasm  over  the  triumph  of 
an  idea,  the  unification  of  science  in  the  confirmntion  of  Maxwell's 
great  theory. 

It  is  clear,  then,  that  physics  may  react  on  the  other  sciences  in  a 
variety  of  ways,  in  Its  mdkoda  and  apjiUancee.  in  its  discovtries,  and 
in  its  ideas  and  (fcncralizaiionn;  and  it  is  evident,  therefore,  that  we 
must  limit  oureelvee  to  a  brief  constderatioQ  of  certain  phases  of  the 
subject.  1  have,  therefore,  chosen  to  present  very  briefly  some  con- 
siderations relative  to  theories  of  matter,  for  here  physics  and  chem- 
istry come  into  the  closest  contact;  also  to  touch  upon  some  other 
relations  of  chemistry  and  geology  to  physics,  that  are  of  particular 
interest  at  this  preeent  time. 

The  fundamental  problem  in  the  physics  of  matter  is  the  natiu^e 
of  matter  itself.  Of  eourpe  we  recognize  at  the  outset  the  limitations 
that  bound  our  attempts  at  a  solution.  We  may  hope  to  reach  event- 
ually some  conclusion  as  to  the  structure  of  matter,  whether  homo- 
geneous or  molecular  or  grained,  also  as  to  the  relative  motions  of  the 
parts  of  the  molecule  and  the  law  of  variation  of  force  between  them 
with  the  distance.  But  if  we  seek  to  go  farther  and  explain  the 
forces  acting  in  and  between  molecules  in  terms  of  what  appear  to 
be  more  simple  and  general  laws,  it  eeeme  inevitable  that  a  medium 
must  be  assumed,  the  properties  of  which  will  depend  on  what  is 
assumed  as  a  primary  postulate.  If  we  accept,  as  Is  usually  done, 
the  postulate  that  forces  in  their  last  analysis  can  only  be  explained 
when  referred  to  pressures  exerted  between  oontlguoUB  portiona  of 
some  underlying  medium,  it  seems  probable  that  a  theory  must  be 
adopted  something  like  the  vortex  atom  theory  of  Lord  Kelvin, 
with  its  continuous,  ineompressible,  perfectly  flmd  medium  in  which 
vortically  moving  portiona  constitute  the  atoms,  or  Osborne  Rey- 
nolds's theor>'  of  space  as  filled  with  fine  hard  spherical  grains,  in 
which,  regions  with  nonconformity  in  arrangement,  are  the  atoms 
of  ordinary  matter.  Though  it  must  be  said  that  the  assumed  hard- 
ness of  the  ultimate  spherules  in  the  latter  theory  is  a  property 
which  in  it~»clf  needs  explanation. 

Perhaps,  howei'er,  in  laying  down  the  postulate  mentioned  above 
we  are  pushing  too  far  inferences  from  our  superfioial  experience. 


RELATIONS  TO  OTHER  saENCES 


73 


The  ide&  that  force  must  be  ft  pressure  between  conti^ous  portions 
of  subetanoc  is  derived  tUrecUy  from  the  notion  of  tlio  impenetra- 
bility of  matter.  This  is  why  the  incompressible  medium  of  Lord 
Kelvin's  theory  seems  so  simple  a  conception;  it  is  the  naked  em- 
bodiment of  the  idea  of  impcnetrahility  Hssocinted  with  inertia. 

It  is  entirely  natural  that  such  ideas  as  impeQetnibility  und  inertia, 
borne  in  upon  us  as  they  ore  by  our  experience  of  matter  in  bulk. 
should  affect  our  theorizing,  but  it  should  never  t>c  forgotten  that 
AS  fundamental  postulates  they  have  no  more  authority  than  any 
others  that  might  be  assumed  that  will  coordinate  the  same  facts 
of  observation. 

But  passing  from  this  more  speculative  region  we  find  a  pretty 
general  agreement  on  the  rough  outlines  of  the  structure  of  matter. 
With  one  notable  exception  most  physicists  and  chemists  agree  Id 
the  idea  that  matter  is  atomic  or  molecular  in  structure,  and  that 
these  mDIec^l]ea  are  in  a  state  of  more  or  less  energetic  tronslatory 
motion,  bounding  and  robounding  from  each  other.  Thie  seems  to 
be  the  mMhonieal  hypothesis  which  coordinates  the  largest  number 
of  facts. 

A  portion  of  matter  Is  conceived  as  in  a  condition  of  equilibrium 
under  three  pressures:  the  cohesive  pressure  due  to  mutual  attrac- 
tion between  all  molecules  which  are  not  farther  apart  than  50  to 
100  millioDths  of  a  millimeter;  the  external  pressure,  which  also  acts 
to  cause  contraction;  and  tlie  internal  pressure,  which  balances  the 
two  former,  and  is  due  to  a  repulsive  force  called  the  force  of  impact, 
which  is  usually  supposed  to  be  exerted  only  between  contiguous 
molecules. 

In  the  solid  and  liquid  states  the  cohesive  pressure  is  usually  very 
great  compared  with  the  external  pressure.  In  case  of  gases  it  nearly 
("anishes.  The  force  between  moleculen  is  thus  conceived  as  an  attrac- 
tion which  increases  rapidly  as  they  approach,  until  at  a  certain  dis- 
tance  it  is  balanced  by  a  repulsive  force  which,  increasing  still  mote 
rapidly,  is  t,he  controlling  force  at  all  leas  distances. 

Lord  Kelvin  has  recently  followed  out  a  study  of  equilibrium  con- 
ditions in  a  group  of  atoms  which  are  essimied  to  have  no  mutual 
influence  until  within  a  certain  distance,  then  to  attract  each  other 
with  a  force  that  inoreasee  as  they  approach  still  nearer,  rising  to 
a  maximum  and  then  diminishing,  and  finally  becoming  a  repulsion 
when  the  atoms  are  very  near.  He  remarks,  "  It  is  wonderful  bow 
much  toward  explaining  the  crystallography  and  elasticity  of  solids, 
and  the  thermo-elaatic  properties  of  solids,  liquids,  and  gases,  we  find 
without  assuming  in  the  Boscovitchian  law  of  force  mere  than  one 
transition  from  attraction  to  repulsion." 

The  fundamental  soundness  of  the  conception  of  matter  as  having 
t  grained  structure  of  some  sort  seems  to  be  established  by  the  re- 
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mwkable  dc^jrco  of  agreement  in  the  estimates  by  various  physicists 
»f  the  size  of  these  ultimate  particles,  meaning  by  that  the  smallest 
distance  between  their  centres  as  they  rebniind  from  encli  otlier, 
especially  when  it  ia  considered  that  these  results  have  lieen  reached 
from  so  many  different  points  of  view,  and  are  based  on  such  a  variety 
of  physical  data. 

As  to  the  alructure  of  the  atom  tt-self  a  most  remarkable  theory 
has  been  recently  developed.  J.  J.  Thomson  has  marshaled  the  evi- 
dence in  favor  of  the  theory  proposed  by  Larmor  that  matter  has  an 
electrical  basis,  and  the  theory  has  already  been  cornddcrably  devel- 
oped by  Ijorentz  and  others.  There  appears  to  be  reiuson  for  believing 
that  the  corpuscles  of  the  Kathode  rays  are  simply  moving  charges 
of  negative  electricity,  their  whulc  apparent  mass  being  due  to  their 
relation  to  the  ether,  in  consequence  of  which  there  Is  a  magnetic 
field  around  the  moving  charge  having  energy  dependent  on  the 
•quare  of  its  velocity.  The  corimscle,  therefore,  effectively  has  mass 
in  consequence  of  this  reaction  between  it  and  the  ether. 

The  corpuscles  are  found  always  to  carr>-  the  eame  charge,  what- 
ever the  nature  of  the  gas  in  which  the  Kathode  rays  are  formed,  and 
whatever  the  nature  of  the  electrodes —  the  charge  being  the  same 
as  that  given  up  by  the  hydrogen  atom  in  electrolysis,  while  the  moss 
of  the  corpuscle  is  about  one  one-thousandth  that  of  the  hydrogen 
atom. 

The  energy  io  the  ether  associated  with  the  moving  corpuscle 
depends  on  tlie  size  of  the  corpuscle  as  well  as  upon  its  charge,  and 
it  is  found  that  to  account  for  its  apparent  mass  it  must  be  of  ex- 
tremely small  siie  relative  to  ordinary  atomic  dimensions. 

ProfeHSor  Thomson  suggests  tha.t  the  primordial  element  of  matter 
is  such  a  negative  electron  combined  with  an  equal  positive  charge, 
the  latter  being  of  nearly  atomic  dimenaon.  An  atom  of  hydrogen 
may  be  thought  of  as  made  up  of  nearly  a  thousand  such  pairs,  the 
positive  charge  being  distributed  throughout  a  spherical  n^on 
giving  rise  to  a  field  of  force  within  it  in  which  the  force  on  a  nega- 
tiva  corpuscle  will  be  towards  the  centre  and  proportional  to  its 
distance  from  the  centre.  In  this  field  of  force  the  corpuscles  are 
conceived  as  describing  closed  orbits  with  great  velocities. 

The  internal  energy  of  such  an  atom  is  conceived  as  enormous. 
In  case  of  the  atoma  contained  in  a  gram  of  hydrogen  Thomson 
reckons  about  10"  erga  as  the  energy  received  from  mutual  attrao* 
tions  in  the  formation  of  the  atoms,  an  amount  of  work  that  would 
lifL  a  hundred  million  kilograms,  one  thousmnd  meters. 

Tlie  whole  mass  of  the  atom  is  supposed  to  be  due  to  the  negative 
electrons  or  corpuscles  which  it  contains.  As  to  the  positive  charge, 
although  it  determines  the  apparent  me  of  the  atom,  it  appears  to 
make  no  coutributiou  to  its  mass. 
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Whea  such  an  atom  impacts  sgainst  another,  the  corpuscles  in 
etch  will  be  disturbed  by  the  jar  in  their  orbital  luotion,  and  there 
will  be  8Uperpoec<l  oscillations  which  will  cause  radiatioo  of  energy. 

If  a  corpuscle  escapee  from  such  an  atom,  the  latter  will  be  left 
with  a  positive  charge,  while  if  an  additional  free  corpuscle  is  en- 
trapped, the  atom  will  have  a  negative  charge.  TJie  conditions  of 
stability  of  motion  of  the  corpueeleB  in  the  atom  would  thus  deter- 
mine whether  in  case  uf  eleclrolyais  the  substance  would  appear 
electro-positive  or  electro-negative. 

J.  J.  Thomson.  Drude,  and  others  have  discussed  the  electric 
conduction  of  metals  from  the  standpoint  of  this  theory.  Drude 
states  that  in  non-conductors  only  bound  electrons  are  present,  that 
is,  positive  and  negative  in  combination;  and  that  it  is  these  that 
determine  the  dielectric  conatajit  of  the  medium  and  consequently 
its  inde.x  of  refraction  and  optical  dispersion;  while  Langevin  ex* 
plains  magnetism  and  diamaguetimn. 

Thus  we  have  a  theory  alruady  surprisingly  developed  which 
appears  to  be  applicable  to  explain  many  of  the  properties  of  matter. 
tbough  it  is  not  clear  that  it  can  give  an  explanation  of  cohesion  and 
gravitation.  A  theory  of  matter,  to  be  accepted  as  final,  must  offer 
some  explanation  of  the  relation  Iietween  the  various  elements.  Many 
thinkers  have  been  led  to  look  for  some  primordial  element  from 
which  the  others  arc  derived,  influenced  on  the  one  hand  by  the 
present  evolutionary  idea»  of  biology,  and  on  the  other  by  coni- 
pftrison  of  spectra  aud  by  the  remarkable  tendency  towards  whole 
uunbers  obswjrved  in  the  atomic  weights  of  the  elements  which 
Strutt  has  disciLssed  from  the  standpoint  of  the  theory  of  prnbabili- 
tJes.  Profewwr  Thomson  has  accordingly  shown  how  atoms  of  matter 
GontainiuK  great  numlwrs  of  corpuscles  may  have  been  evolved  from 
ft  simpler  primonlini  form  cnnlaining  fewer  corpuscles.  Hut  though 
ba  has  made  clear  how  the  hydrogen  atom  with  its  thousand  cor* 
posdes  might  be  the  surviving  atom  having  the  leatt  numlwr  of 
corpuscles,  it  is  not  so  clear  why  there  might  not  bo  atoms  having 
any  number  of  corpuscles  greater  than  that  of  hydrogen,  within 
certain  limits;  why  none  should  be  found  lietween  hydrogen  and 
belium  for  example.  Some  kind  of  nntural  selection  seems  to  be 
seeded  to  explain  why  some  atoms  having  special  numbers  of  cor- 
puscles survive  while  intermediate  ones  are  eliminated,  though  prob- 
ably tbe  answer  is  to  be  sought  to  the  conditions  of  stability  of  the 
motions  of  the  corpuscles. 

It  is  an  interesting  question  what  would  be  the  effect  of  change  of 
temperature  of  the  substance  on  the  motions  of  the  corpuscles  in  this 
theory.  If  the  corpuscles  in  the  atom  were  verj'  numerous,  all  moving 
in  the  some  orbit  at  equal  distances  apart,  they  would  produce 
almost  tlie  effect  of  a  circular  current  of  electricity,  —  a  steady 
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magnetic  field  and  no  radiation;  uid  it  smids  probable  that  in  the 
actual  CHSG  the  radiation  of  internal  energy  is  extremely  small,  and 
the  total  internal  energy  may  be  supposed  to  be  so  enormous  com- 
pared with  the  energy  of  translation  of  the  atom  due  to  temperature 
that  we  may  expect  no  appreciable  chfinge  in  the  radiation  of  interna] 
energy  of  the  atom,  whatever  the  temperature  may  be. 

That  component  of  the  vibration  of  a  corpuscle  which  is  radial 
within  the  atom,  and  is  set  up  by  the  impact  of  one  atom  against 
another,  seems  to  furnish  the  great  mass  of  radiated  energy.  This 
radiation  must  also  react  on  the  motJon  of  the  atom  as  a  whole,  taking 
away  from  the  tranjslatory  energy  of  the  atom. 

The  question  how  the  Doltzmann  law  of  partition  of  energy  be- 
tween the  various  degrees  of  freedom  will  apply  to  molecules  made 
up  of  such  atoms  aa  are  hero  concoivad  is  an  interesting  and  im- 
portant one.  Is  it  possible  that  the  c/oiuf,  ss  Lord  Kelvin  calls  it, 
resting  on  the  kinetic  theory  of  gases  may  be  dissipated  by  the  new 
theory? 

This  theory  of  the  atom  eeems  also  to  explain  the  possibility  of 
the  production  of  spectra  of  great  complexity.  It  is  to  be  hoped 
that  Balmer'A  formula  and  Rydberg's  laws  of  the  grouping  of  Unee 
in  spectra  may  be  ahowii  to  be  the  natural  outcome  of  the  system 
of  vibration  poBsible  in  such  an  atom. 

We  are  startled  at  first  by  tlic  very  audacity  of  this  theory,  seeming 
aa  it  does  to  upset  the  old  point  of  view,  and  seek  the  explanation 
of  matter  and  its  laws  in  terms  of  the  properties  of  ether  and  elec- 
tricity, instead  of  trying  to  unravel  the  secMte  of  electricity  and 
ether  in  terms  of  matter  and  motion. 

Only  a  few  years  ago  it  was  thought  that  the  electromagnetic 
theory  of  light  must  be  rationalized  by  giving  a  mechanical  explan- 
ation of  the  various  phenomena  of  the  ether,  or  by  ahowing  at  least 
that  such  an  explanation  was  possible.  Witness  Maxwell's  won- 
derfully ingenious  mechanical  model  illustrating  the  phenomena 
of  magnetism,  induced  currents,  and  .the  propagatiott  of  electro- 
magnetic waves. 

But  is  it  necessary  to  regard  the  mechanical  explanation  as  the 
only  saund  one?  IF  electricity  and  ether  are  fundamental  entities 
underlying  all  matter  and  mutorial  phenomena,  is  it  not  mnro  logical 
to  find  a  basis  for  the  mechanical  laws  in  some  more  fundamental 
laws  of  ether  and  electricity  which  must  be  accepted  as  the  primary 
postulates? 

In  all  tliis  development  of  the  atomio  view  of  matter,  chemistry 
bod  physcB  have  gone  hand  in  hand.  The  atomic  theory  of  Dalton 
bae  been  the  ba^s  on  which  both  sciences  have  worked.  .\vogadro'8 
law  for  gases  has  been  reached  not  only  by  chemical  evidence,  but 
has  been  roised  to  the  rank  of  a  mechanical  deduction  from  the  kinetic 
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tbeoiy.  The  significiuice  of  the  arrftQgetnent  of  atoms  in  the  molecule 
in  deterzQuuDg  chomical  reaction  was  emphasized  and  developed  by 
Kekul^,  but  it  was  not  until  1874  that  the  space  Uiugrums  of  molo- 
cules  of  vaa't  Uoff  and  Lo  Bel  marked  a  full  approciation  of  the 
possibilities  of  structuro  in  expluuiog  the  diffcrcncce  of  isomehe 
forms. 

All  of  these  physical  and  chemical  developments  of  the  atomic 
theory  have  been  in  accordance  with  a  general  method  of  scientitic 
procedure  wliich  may  be  called  the  method  of  mechaniciil  models. 
According  to  this  mctliod,  an  attempt  ia  made  to  conceive  a  certain 
(ne«haiusm  by  which  the  various  phenomena  sought  to  be  explained 
may  be  imngiDed  to  be  brought  about. 

Suob  a  theory  of  atoms,  for  example,  if  perfect,  wouiil  exhibit  all 
the  properties  of  atoms  as  direct  consequences  of  the  assumed  struc- 
ture. Tliia  cannot,  however,  be  taken  as  proof  that  the  asaumption 
is  real,  though  for  the  purpose  of  our  thinking  such  a  theor>'  would 
bavo  all  the  value  of  reality,  since  all  consequences  deduced  from  it 
would  conform  to  the  fncts  of  observation.  And  this  su^f^cBts  wherein 
the  great  value  of  such  a  theory  licSr  not  alone  in  the  large  number 
of  obeer^-ations  which  it  correlates  and  Wings  under  a  few  general 
principles,  but  in  that  it  suggests  the  application  of  experiments 
&od  Ussta  of  its  sufficiency^  thereby  enlarging  and  making  more  pre- 
cise our  knowledge. 

Perhaps  the  most  remarkable  instance  of  the  application  of  this 
BWtbod  was  Maxwell's  development  of  a  mechanioal  model  to  illus- 
tmt«  the  reactions  in  the  etectraniagiiettc  field.  Working  from  this 
Eoodel  lie  developed  the  equations  of  the  field,  which  later  he  deduced 
in  a  more  general  way.  And  Heitx  BfjcakJog  of  them  says,  "  We  can- 
Dot  study  thia  wonderful  theory  without  at  times  feeling  as  if  an 
independent  life  and  a  reason  of  its  own  dwelt  in  these  mathematical 
formula;  as  if  they  were  wiser  than  we  were,  wiser  even  than  their 
diaooverer;  as  if  they  gave  out  mure  than  had  been  put  iutu  them." 

On  which  Boltzmann'a  comment  is,  "I  should  like  to  add  to  these 
words  of  Hertz  only  this,  that  Maxwetra  formula:  are  simple  coose- 
quences  from  hie  mechanical  models;  and  Uectz's  euthusiaetic  praise 
IB  due  in  the  first  place,  not  to  Maxwell's  analysis,  but  to  his  acute 
penetration  in  the  discover^'  of  mechanical  analogies."  isuch  an 
ftXAmple  well  illustrates  Uhe  importance  of  the  methud. 

But  of  recent  years,  the  inOuence  of  quite  a  different  method  has 
been  strongly  marked  in  chemical  research.  A  method  in  which 
certain  general  laws  are  eslabliahed  and  then  applied  to  particular 
eases  by  a  process  of  mathematical  reasoning,  deducing  conclusions 
quite  independently  of  the  particular  details  of  the  o|>eration  by 
which  they  are  bnmght  about.  This  method  is  well  illustrated  in 
Professor  J.  J.  Thomson's  work  on  the  application  of  dynamics  to 
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problems  in  phyificH  and  chemiBtr)-,  and  in  the  deduclions  baaed  OD 
the  Uws  of  therm odj-namics  thut  have  marked  ihe  development  oS 
the  new  phywcal  chemistry. 

It  ia  under  the  influence  of  this  naethod  that  PrnfcEsor  OstwfUd 
has  been  led  to  propose  a  theory  of  mntter  which  does  not  recognize 
the  necessity  of  any  atomic  stnicturo  wbntever.  Id  a  recent  address, 
be  says,  "It  is  possible  to  deduce  from  the  principles  of  chemical 
dynamics  all  thestoichiometrical  laws;  the  lawof  constant  proportion, 
the  law  of  multiple  proporUon,  and  the  law  of  combining  weights." 
And  he  continues, "  You  all  know  that  up  to  this  time  it  has  onlj*  been 
possible  to  deduce  these  laws  by  the  help  of  the  atonuc  hypothesis. 
Chemical  dynamics  has,  therefore,  made  the  atomic  hypothecs  un- 
necessary for  tliis  purpose  and  haa  put  the  theory  of  the  sluiehio- 
metrical  laws  on  more  secure  ground  than  that  furnished  by  s  mere 
hypothesis."  And  then  farther  on  he  continues.  "  What  we  call  maUtr 
is  ordy  a  complex  of  tnergUa  which  u«  fiiid  (ogdhtr  in  tlie  same  place. 
We  arc  atUI  perfectly  free  if  we  like  to  suppose  cither  that  the  energy 
Ella  the  space  homogeneoualy,  or  in  a  periodic  or  grained  way;  the 
latter  assumption  would  be  a  substitute  for  the  atonuc  hypothesis." 
And  then  he  adds,  '*  Evidently  there  exists  n  great  numlwr  of  facts  ^ 
and  I  count,  the  chemicaJ  facts  among  them  —  which  can  be  com- 
pletely descriljeJ  by  a  homogeneous  or  non-periodic  dis^trihution  of 
energy  in  space.  Whether  there  exist  facts  which  cannot  be  de- 
scribed without  the  periodic  assumption,  I  dare  not  decide  for  want 
of  knowledge;   only  I  am  bound  to  say  that  I  know  of  none." 

It  18  interesting  and  remarkable  that  this  challenge  to  the  atomic 
theories  of  mflttur  should  come  from  tlie  side  of  chemistry,  the  very 
BciencG  for  which  the  atomic  theory  of  Dallon  was  conceived.  Espe- 
cially is  it  remarkable,  in  view  of  tlie  measure  of  success  that  has 
attended  the  explanation  of  the  dlETerencea  between  euch  forma  as 
ri^t  and  left  rotating  tartaric  acids  on  the  basis  of  molecular  struc- 
ture. And  it  is  difhcult  to  see  how  it  is  possible  to  give  any  satisfac- 
tory explanation  of  these  differences,  simply  on  the  basis  of  the  laws 
of  eiiergelif-'s  applied  to  a  conception  of  matter  as  honiogent'ous. 

With  refertfDce  to  the  view  that  "  What  we  call  matter  is  only  a  com- 
plex of  energies  which  we  find  together  in  the  same  place."  it  may  be 
Baid  that  we  recognize  different  forma  of  energy  only  in  association 
with  matter  or  ether;  aa  heat,  light,  chemical  energy,  kinetical  energy, 
etc.  Hence  the  term,  "a  complex  of  energies,"  ean  only  mean  the 
total  energy  in  a  given  region,  unless  we  recognize  some  vehicle, 
as  matter  or  ether,  in  which  the  Bi>ecia)  maiiifeatationa  of  energy  may 
exist.  This  seems  t«  be  admitted  tacitly  by  Ostwald  himself,  for  a 
little  farther  on  he  eays,  "The  reason  why  it  is  possible  to  isolate  a 
BobBtancc  from  a  solution  is  that  the  available  energy  of  the  sub- 
stance is  at  a  minimum,"    He  thus  distinguishes  between  the  &vM- 
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ftble  ftnd  the  total  energy  of  a  portion  or  matt«r.  But  this  diacnmi- 
nation  can  have  no  mwuuiig  unless  it  is  granted  that  a  portion  of  the 
energy  of  a  substance  i«  not  avaUoble.  If  we  ask  why  it  is  not  avail- 
&ble,  the  answer  may  be  that  when  a  substance  passes  from  one 
state  to  another  at  constant  temperature  the  work  that  it  can  do  is 
len  than  it«  total  intrinsic  energy  as  a  consequence  of  the  laws  of 
IhcnnodyDamics.  Hie  case  must  therefore  be  one  to  which  the  second 
law  of  thennodynamics  can  apply.  That  is,  it  mxtst  involve  flow  of 
energy  by  some  such  process  as  heat  conduction. 
It  might  perhaps  be  successfully  argued  that  the  very  existence 
such  a  process  implies  grained  structure  of  »ome  sort  to  which  a 
iistical  law  may  apply.  However  this  may  be,  it  is  certainly  diffi- 
cult to  conceive  of  energy  as  existing  apart  from  some  vehicle,  matter 
or  ether  or  both  as  you  will;  but  to  conceiveof  this  sublimated  energy 
u  in  part  available  and  in  part  non-available  ls  surely  quite  beyond 
attainment. 

It  is  with  great  diiGdence  that  we  dissent  from  the  expressed  views 
of  one  who  has  done  so  much  for  the  advance  of  physical  chemistry, 
and  our  excuse  for  entering  on  the  discussion  must  be  that  as  the 
latent  utterance  with  regard  to  matter,  and  coming  from  one  n-ho  has 
won  the  right  to  have  his  views  given  a  respectful  consideration,  it 
seemed  more  fitting  to  present  this  brief  and  imperfeel  discussion 
than  to  pass  them  by  without  eomment. 

One  of  the  most  important  reactions  of  physics  upon  tlie  other 
BcienccB  has  resulted  from  the  extension  of  th»i  Oirmodynamie  laws 
to  chemical  problems  which  has  markt^  the  new  physical  chemistry, 
a  science  which  has  sprtuig  into  being  within  the  last  seventeen  years 
and  has  already,  under  the  leadership  of  van't  Hoff,08twakl,  Arrhe- 
nius,  and  Nemst,  attained  a  Hurpri»ing  development,  and  is  making 
itself  felt  in  many  other  lines  of  seientifin  activity,  notably  in  electro- 
chemistry, geolog}-,  and  biology.  The  starting-point  in  tliis  devel- 
opment waa  the  idea  conceived  by  van't  HofI  that  Avogsdro's  law 
might  be  so  extended  as  to  apply  to  the  case  of  substances  in  solu- 
tion. Just  as  a  gas  expands  and  fills  the  containing  vessel  exerting 
a  pressure  against  its  walls,  an  a  salt  dissolved  in  a  liquid  diffuses 
uniformly  throughout  the  liquid  and  exerts  a  pressure  witliin  the 
liquid  tending  to  expand  it.  This  osmotic  pressure,  so  called,  had 
been  measured  in  certain  coses  by  Pfeffer  and  de  Vrica,  but  it  re- 
mained for  van 't  Hoff  to  show  that,  as  in  cose  of  a  pfla,  the  pressure 
was  proportional  to  the  absolute  temperature  and  to  the  number  of 
molecules  of  the  dissolved  substance  eontained  ir  unit  volume. 

Aa  has  BO  often  happened  before,  the  study  of  the  apparent  ex- 
ception.it  to  the  nile  led  to  a  .MTond  great  advanre,  the  theory  of 
electrolytic  dissociation  proposed  by  .\rrhoniuH,  to  accottnt  for  the 
observation  that  in  solutions  of  etcctrolytcs  the  osmotic  pressure  was 
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greater  than  that  reckoned  on  tbo  basis  of  the  number  of  molecules 
present,  but  was  to  be  explained  by  their  dissociation  into  ioDs; 
thuB  reaching  the  same  conclusion  which  Clausius  had  announced  in 
1857,  but  affording  a  method  by  which  the  precise  amount  of  the 
diflBociation  might  be  measured.  Additional  evidence  m  favor  of 
ibiB  theory  was  afforded  by  the  studies  of  the  electrical  conduetivity 
of  dilute  solutions  of  electrolytes  made  by  KoMmuBch. 

AD  this  was  accompanied  by  an  increasing  realisation  of  the 
important  relations  that  oiighl  be  established  by  an  application  of 
the  laws  of  thermodynaniice  to  chemical  problems.  Thus  van  't  Hoff 
showed  in  his  paper  of  lii87  that  the  depression  of  the  freezing-point 
of  a  liquid  due  to  a  substance  in  solution  depended  directiy  on  the 
osmotic  pressure  and  could  be  used  to  measure  it;  a  result  which 
bad  already  been  experimentally  reached  by  Eaoul. 

In  this  field,  Professor  J.  Willard  Gibbs,  in  whose  recent  death  the 
world  of  science  has  lost  a  most  profound  thinker,  was  a  pioneer. 
His  most  important  contributions  to  the  subject  were  in  two  ex- 
traordinary papers,  On  tht  EquiHbrium  0}  Heterogeneous  Subatanees. 
The  Jirst  of  these  related  to  chemical  phenomena,  while  the  second 
was  concerned  especially  with  capillarity  and  electricity. 

To  quote  from  a  recent  uTiter,  "The  most  essential  feature  of 
Gibbs 's  discoveries  consisted  in  the  extension  of  the  notion  of  thermo> 
d)iiamioal  potential  to  mixtures  oonaating  of  a  number  of  com- 
ponents, and  the  establishment  of  the  properties  that  the  potential 
is  a  linear  function  of  certain  quantities  which  Gibbs  haa  called  the 
potentiaU  of  the  components,  and  that  where  the  same  component 
is  present  iu  diEferent  phases,  which  remain  in  equilibrium  with  each 
other,  its  potential  is  the  same  in  all  the  phases,  besides  which  the 
temperatures  and  pressures  are  equal.  The  importance  of  these  re- 
flultB  was  not  realized  for  a  considerable  time.  It  was  difHculb  for 
the  experimertJitist  to  appreciate  a  memoir  in  which  the  treatment 
is  highly  mathematiciil  and  theoretical,  and  in  which  but  little  at- 
tempt la  made  to  reduce  conclusions  to  the  language  of  the  chemist; 
moreover  It  is  not  unnatural  to  find  the  pioneer  dwelling  at  consid- 
erable length  on  coiiiparativciy  infertile  regions  of  the  newly  explored 
territoiy,  while  fields  that  were  to  prove  the  most  productive  were 
dismiflsed  very  briefly." 

"It  was  largely  due  to  Professor  van  dcr  Waala  that  two  new 
and  important  fundamental  laws  wore  discovered  in  Gibbs's  paper, 
namely,  the  phase  rule  and  the  law  of  critical  states.*' 

The  phase  rule  has  been  the  guiding  principle  in  some  most  import* 
ADt  studies  of  chemical  equilibrium.  It  furnishes  a  clue  by  which  the 
polymorphism  of  such  substances  aa  sulphur  and  tin  may  be  aoien- 
tifieaily  investigated  and  the  conditions  of  equilibrium  between  the 
different  polymorphic  forms  determined.    The  studies  of  the  oaae 
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of  ferric  chloride  by  Roozeboom,  and  of  the  crystallization  out  of 
aeA-water  of  the  contained  saltfl  by  von't  Hoff  and  Mcycrhoffcr 
indicatce  the  great  v&lue  of  the  pbue  rul«  in  briDging  ecicDtitic  ord«r 
oQt  of  the  complicated  relatiou  of  tho  various  components  and 
[duues  involved. 

Speaking  of  this  department  of  physical  chemifitry,  van  't  Hoff  re- 
marked, "Since  the  study  of  chemical  equilibrium  has  been  related 
to  thcmnodynatnica,  and  so  htta  steadily  gained  a  broader  and  safer 
foundation,  it  has  come  into  the  foreground  of  the  chemical  system, 
and  seems  more  and  more  to  belong  there,"  And  Ostwald  says  in 
answer  to  the  question,  "  'What  are  the  moat  important  aohievements 
of  the  chemistry  of  our  day?  I  do  not  hesitate  to  answer:  chemical 
dynamics,  or  the  theory  of  the  progresB  of  chemical  reaction,  and 
the  theory  of  chemical  equihbrium." 

These  statements,  coming  from  two  masters  in  the  field,  are  naost 
significant  of  the  importance  of  the  introductioQ  of  these  ideas  into 
chemistry. 

The  coDceptions  and  methods  of  physical  chemistry  have  also  been 
moat  strongly  felt  in  the  field  of  electrochemical  theory.  To  the 
qoestioD  what  is  the  nature  of  electrolysis,  Faraday  and  Hittorf 
and  Clausius  had  each  contributed  important  elemcntE  of  the  final 
answer,  then  came  Arrheniua  with  the  theory  of  elcctrolylic  dissocia- 
tion, which  has  proved  so  fruitful  of  consequencee,  not  only  in  the 
domain  of  chemistry,  but  alnn  in  biology  and  in  physics. 

One  of  tbe  most  interesting  scientific  questions  connected  with 
dectrochemistry  is  the  relation  between  electromotive  force  and 
electrolytic  separation,  and  the  development  of  the  theory  of  thft 
voltaic  cell.  Tbe  question  of  the  seat  of  electromotive  force  in  the- 
cell  was  for  many  years  the  very  storm-centre  of  ph>*8ical  discussion; 
but  from  the  standpoint  of  electrolytic  dissociation  Nemst  has  sup* 
plemented  tlie  work  of  Hclmholtz  aud  Gibbs,  and  out  of  all  has  com« 
a  theory  which,  while  not  perfect,  seems  to  be  in  its  main  features  on 
the  solid  foundation  of  the  conservation  of  energy  and  the  laws  of 
thermodynamics. 

Another  important  serviceforwhichtbe  world  of  science  is  indebted 
to  phywcs  is  the  determination  of  the  absolute  nero  of  temperature 
in  terms  of  degrees  of  the  ordinary  centigrade  scale.  About  a  century 
ago.  Dalton,  in  his  new  chemical  philosophy, adopts  —  3000^ C. us  the 
probable  zero  of  temperature.  Wliilc  Lavoisier  and  Laplsce  make 
various  estimates  of  the  eero  ranging  from  1500  to  3000  degrees 
below  the  freosing-point  of  water.  But  when  the  doctrine  of  energy 
became  firmly  eetablitihed  together  with  the  kinetic  theory  of  gases,  it 
was  natural  that  the  coiiditiun  of  a  gus  in  which  tbe  particles  had  no 
energy  of  motion,  and  hence  no  pressure,  should  have  been  taken  aa 
iadicating  the  absolute  zero.  But  it  was  Clausius  and  Lord  Kelvin  who 
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based  &nnly  on  the  laws  of  thermodynamice  the  absolute  scale  of 
temperature,  as  we  know  it  to-day. 

Tlio  absolute  aero  of  temperature  lias  to  the  physicist  all  the  fasci- 
nation that  the  North  Pole  h&s  to  Arctic  explorera,  and  is  probably 
even  more  difficult  to  attain.  Yet  steady  progress  has  been  made 
in  conquering  the  difficult  territory  that  lies  toward  this  goal.  The 
experimental  efforts  to  liquefy  the  more  refractory  gases  showed  that 
far  lower  tflmperatures  than  bad  previously  been  reached  must  be 
employed;  and  step  by  step,  following  the  suggestions  of  tiiermo- 
dynamics,  the  moans  of  ottainiog  low  temperatures  have  been  im- 
proved, at  fir^t  cooling  by  adiabatic  expansion  of  more  compressible 
Ka.*)P!i,  then  aided  by  the  sudden  expansion  of  the  gas  itself  which 
had  been  compresBed  and  cooled,  and  then  by  a  continuous  self- 
intensive  action,  in  which  the  cold  produced  by  the  expansion  of  one 
portion  of  the  compressed  gas  was  made  use  of  to  cool  the  still  unex- 
pandcd  gas  as  it  approached  the  point  of  expansion. 

The  mere  record  of  the  temperatures  reached  marks  a  series  of 
triumphs  of  ingenuity  and  perseverance.  Thus  Faraday,  in  1S45, 
reached  a  temperature  of  — 110  by  the  use  of  solid  carbon  dioxide 
and  ether  evajwrated  at  low  pressure.  Pictet  in  1877  reached  -  HO, 
and  liquefied  oxygen  under  pressure.  Olszewski  in  18S5  obtained  a 
temperature  of  -  225  by  the  evaporation  of  a  mass  of  solid  nitrogen. 
In  1S98  Dewar  obtainec]  liquid  hydrogen  boiling  at  —252,  or  only 
20.5  above  the  absolute  zero,  and  later  by  boiling  at  reduced  pres- 
sures he  waa  able  to  obtain  —259.5  or  13.5  degrees  absolute  scale, 
at  which  point  hydrogen  is  frozen  solid. 

The  attainment  of  these  low  temperatures  has  not  alone  made 
possible  investigations  of  the  greatest  interest  to  the  physicist, 
such  aa  studies  of  the  magnetic  and  electric  properties  of  bodies  as 
they  approach  the  alwsnlute  zero,  but  has  enabled  the  effect  of  extreme 
cold  on  chemical  actions  to  be  determined,  and  has  led  to  tlic  inter- 
esting conclusion  that  "The  great  majority  of  chemical  interactions 
are  entirely  suspended. "  Though  it  bus  been  shown  by  Dewar  and 
Moissan  that  in  cjise  of  solid  hydrogen  and  liquid  fluorine,  violent 
reaction  still  takes  place  even  at  that  small  remove  from  the  absolute 
zero. 

A  very  interesting  field  has  also  been  opened  to  biological  research, 
in  the  effect  of  extreme  cold  on  the  vitality  of  seeds  and  micro- 
organism!!.  It  was  found,  for  example,  that  barley,  peu,  and  mustard 
seeds  steeped  for  six  hours  in  liquid  hydrogen  and  thus  kept  at  a  tem- 
perature of  minus  252  degrees,  showed  no  loss  of  vitality.  So,  also, 
certain  micro-organisms,  among  others  the  bacilli  of  typhoid  fever, 
Asiatic  cholera,  and  diphtheria,  were  kept  by  MacTadyen  for  seven 
days  at  the  temperature  of  liquid  air  without  appreciable  loss  of 
■vitality.   It  has  been  suggested  by  Professor  Travers  that,  "It  is 
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quit«  possible  that  if  a  living  organism  were  cooled  only  to  tctnpor- 
aturcA  at  which  physiral  changes,  such  aa  cryHUllization,  Luke  place 
with  reasonable  velocity,  Ihc  process  would  be  fatal,  wherea»,  if  they 
H'cre  cooled  to  the  temperature  of  liquid  air  no  £uch  chunge  would 
take  place  within  finite  time,  and  Uic  organiem  woxild  tsurvive." 

Also  the  study  of  the  various  combinations  of  carbon  and  iron 
that  may  exist  in  steel,  and  the  conditions  of  equilibrium  that 
exist  between  them  has  proved  a  most  important  investigation  in 
[he  field  of  what  van  t  Hof?  calli;  nnlid  solutions. 

Geology,  dealing  ae  it  docs  with  the  greatest  variety  of  physical 
proceescs,  such  a»  chaagfis  of  state,  fuaion,  cr>'st»Jlization,  solution, 
conduction  of  heat,  radiation,  with  compIicationB  depending  on 
variations  of  pressure  and  temperature,  presents  many  problems 
for  the  solution  of  which  the  resourccH  of  modem  physics  must  be 
taxed.  The  fusing-points  of  the  different  chief  minerals  of  the  earth's 
crust,  the  effect  of  great  pressure  on  their  funing-points  and  modes 
of  crystttlUaatioD,  the  cr^'stallleation  of  tliu  variotin  elementary  min- 
erals out  of  *  fused  magma  also  studied  at  different  preeouree,  the 
effect  of  pressure  not  only  on  fusing-points,  but  on  the  viscosity  and 
rigidity  of  minerals  at  high  temperature,  the  heiit  conductivities  of 
tite  various  substances  malting  the  bulk  of  the  earth's  crust,  all  these 
are  questions  that  must  be  thoroughly  studied  to  enable  the  geologist 
to  determine  the  probable  condition  both  of  temperature  and  prei»- 
sure  which  prevailed  during  the  formation  of  a  given  rock  mass,  and 
to  throw  light  on  the  great  problem  of  geology,  the  age  of  the  earth. 

To  this  latter  quoatiou,  physics  has  already  gi\en  a  tentative 
answer.  Lord  Kelvin's  discussion,  based  on  the  assumption  of  the 
earth  as  a  mass  cooling  from  a  uniform  high  temperature,  point* 
to  a  period  of  between  twenty  and  one  hundred  million  years,  witlun 
which  geologic  changes  in  the  crust  of  the  earth  must  have  occurred; 
while  Helmhottz  ftnd  Kelvin's  deduction  of  the  time  during  which 
Bolar  radiation  can  have  been  of  such  an  intensity  that  life  conditions 
on  the  earth  were  possible  gives  about  twenty  million  years  as  the 
limit. 

But  later  investigations  giving  new  data  as  to  the  properties  tA 
the  materials  of  the  earth's  crust,  as  to  the  laws  of  variation  of  radi- 
ation with  temperature,  and  as  to  absorption  and  radiation  by  the 
solar  and  earth's  atmospheres,  will  all  contribute  to  modify  and  make 
more  precise  these  methods.  Already  some  progress  in  this  direction 
has  been  made.  A  few  years  ago,  Clarence  Kiug  gave  a  most  inter- 
esting aaid  ingenious  redist-usaion  of  Kelvin's  cooling  of  the  earth 
method,  making  use  of  the  determinatiotis  made  by  Barus  of  the 
fwtiug-pointfl  of  diabase  at  different  pressures,  and  ^ives  &a  the  most 
probable  result  of  the  method  the  period  of  twenty-four  million 
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yoftra,  a  period  in  dose  Agreement  with  thnt  found  by  Helmholtz 
find  Kelvin  from  the  radiHtion  of  the  sun. 

It  should  be  remarked,  however,  that  in  discussing  the  state  of 
tiuQ^  in  the  earth's  interior,  where  the  pressures  so  far  transcend 
anything  that  can  be  approached  in  the  laboratory',  such  constants 
as  metting-points  should  be  looked  on  with  great  suspicion. 

Assuming  Laplace's  law  of  distribution  of  density  in  the  earth,  the 
piesgure  at  a  depth  of  one  two-hundredth  of  the  earth's  radius  is 
SCOO  atmospheres,  while  at  the  centre  of  the  earth  it  becomes  more 
than  three  million  atmospheres.  Now  the  largest  pressures  that  have 
been  used  in  high  temperature  experiments  are  less  than  three  thou- 
sand atmospheres.  It  is  evident,  then,  that  any  conclusion  as  to 
melting-points  from  laboratory  data  must  be  %-iolent  exterpolationa, 
if  deduced  for  the  enormous  pressures  at  depths  greater  than  one 
one-hundredth  of  n  radius  within  the  earth,  where  the  pressure  nilt 
be  over  L7,000  atmospheres. 

But  not  only  is  there  necessarily  great  uncertainty  as  to  the 
fusiiig-points  at  these  great  pressures,  hut  it  seems  probable  that  such 
a  process,  as  fusion  marked  by  sudden  increase  in  liquidity  can  hardly 
take  place  at  all.  lu  the  phenomenon  of  fusion,  the  equilibrium  of 
a  subfttance  may  be  regarded  as  coDditluned  by  the  external 
pressure,  the  cohesive  pressure,  and  the  internal  pressure  due  to 
the  traiislstory  kinetic  energj-  of  the  molecules,  which  may  be 
called  the  ktactio  pressure.  In  a  state  of  equilibrium,  the  extern^ 
pressure  plus  the  coheeive  pressure  rauat  equal  the  kinetic  pressure, 
the  last  tending  to  produce  expansion,  white  the  two  former  act  to 
cause  contraction.  At  ordinary  atmospheric  pressures  in  the  liquid 
and  siilid  state,  the  cohesive  pressure  is  enormously  greater  than  the 
external  pressure.  In  water  at  ordinary  temperatures  it  is  estimated, 
about  6500  atmospheree,  while  in  a  eoHd  such  as  steel  it  may  have 
a  value  of  perhaps  18,000  atmospheres.  And  not  only  is  this  cohesive 
force  great  relatively  to  the  external  pressure,  but  it  decreases  with 
great  rapidity  as  the  substance  expands.  Under  these  conditions 
it  is  easy  to  see  that  a  slight  ri^*  in  temperature  with  contiequent 
expansion  and  weakening  of  the  cohesive  pressure  while  the  kinetic 
pressure  is  increased  may  bring  the  substance  to  a  point  of  trans- 
ition, a  melting-point  or  boiling-point  where  great  changes  occur 
within  narrow  limits  of  temperature. 

But  if  we  conceive  the  external  pressure  to  be  bo  great  that  the 
cohesive  pressure  is  relatively  insignifioant,  then  we  should  not  expect 
to  find  any  sharply  marked  changes  of  state  for  small  changett  of 
temperature  or  pressure. 

To  make  the  cose  definite  aaaume  a  temperature  of  1000  dcgrcea 
Absolute  scale,  and  a  pressure  of  1,000,000  atmospheres,  and  suppose 
the  cohesive  pressure  is  10,000  atmospheres.    Under  these  cireum- 
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lUiiOM  a  rU«  in  temperature  of  ten  dcg7««s  or  a  one  per  cent  increow 
in  temperature  may  be  expected  to  produce  a  one  per  cent  mcresse 
in  the  kinetic  pressure  nt  the  original  volume;  but  as  the  external 
ir«  is  constant  and  the  cohesion  is  insignificant,  we  may  expect 
-ft  (me  per  cent  increaGe  in  the  volume  in  which  the  molecular  mutioas 
take  pUce  or  iui  increase  in  tlio  mpun  distance  between  mulrcuJes  of 
one  third  of  one  per  cent.  Such  an  oxpaosion  vrill  be  accompaoied 
by  8lif(htJy  lessened  cohcei\'e  force,  Icsa  ripdity,  and  less  viscowty, 
probably;  but  nothing;  like  a  sudden  change  of  state  is  suggested. 
The  fact  that  at  pressures  greater  than  the  critical  pressures  there 
can  he  observed  no  sharp  transition  from  the  liquid  to  the  gaseous 
state  with  rise  of  temperature  i«  quif«  in  accord  with  the  above  con- 
siderations, and  it  seems  probable  that  in  coao  of  solids  under  great 
pretBure  nothing  like  melting  will  be  observed,  but  rather  a  gradual 
losa  of  rigidity  or  transition  to  great  viscoKity,  and  that  the  viscosity 
wilt  decrease  steadily  n*ith  rise  in  temperature. 

But  a  new  aspect  is  now  given  to  the  problem  of  the  age  of  the 
earth  by  the  dincoverj-  of  radioactivity  and  its  attendant  phe- 
nomena. The  earth,  instead  of  being  thought  of  as  a  cooling  body, 
is  now  conceived  as  having  within  itself  a  source  of  almost  un- 
limited energy.  Locked  up  in  each  atom  is  believed  to  be  a  stAre  of 
energy  so  va!<t  that  the  breaking  down  of  comparatively  few  of  them 
in  the  radioactive  process  will  supply  the  known  outflow  of  heat 
from  the  earth. 

Rutherford  has  shown  that  the  observed  disKcmination  of  radio- 

E  active  substances  in  the  earth's  crust  is  probably  sufiicioDt  to  ac- 
eount  for  the  outflow  of  energy  from  it^  surface.  Thus  the  method 
of  estimating  the  age  of  the  earth  from  the  eonBideration  of  it  as  a 
«ooling  body,  a  method  which  until  lately  seemed  to  physicists  to  be 
baaed  on  essentially  sound  premises,  and  deserving  of  confidence 
because  of  its  greater  simplicity  as  compared  with  the  methods  by 
which  geological  and  biological  estimates  are  obtained,  is  now  by  the 
Tery  progress  of  physics  itself  abandoned  as  unreliable. 

So  also  baa  the  study  of  radioactivity  thrown  new  light  on  ,the 
qtMSti<Hl  of  the  maintenance  of  the  sun's  heat.  It  is  now  seen 
that  possible  atomic  tranBformations  accompanied  by  the  libe> 
ation  of  the  vast  stores  of  energy  locked  up  within  the  atoms  of 
matter  may  permit  an  enormous  extension  of  the  time  during 
which  the  stin  may  have  been  radiating  with  something  like  its 
preaent  intensity. 

In  conclusion  it  may  be  remarked  that  a  new  world  is  opened 
to  the  investigator  by  the  discovery  of  radioactivity.  The  atoms 
of  matter  ore  no  longer  thought  of  as  necessarily  fixed  and  un- 
changeable. Besides  the  older  problems  of  matter  questions  now 
arise  as  to  evidences  of  atomic  disintegration  and  change  from 
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more  complex  to  less  complex  forms,  and  also  the  possible  develop- 
ment of  more  complex  atoms  from  umpler  ones. 

Already  we  begin  to  see  the  effect  of  these  recent  discoveries 
and  ideas  on  other  departments  of  science.  The  clue  at  last  seems  to 
have  been  found  to  those  long-standing  enigmas  of  nature,  thunder- 
storms, the  Aurora  Borealis,  the  zodiacal  light,  and  the  tails  of 
comets.  But  these  achievements  belong  perhaps  rather  to  the 
realm  of  the  physics  of  the  ether  and  of  the  electron,  than  to  that 
of  the  physics  of  matter. 
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Ik  dealiQg  with  the  subject  allotted  to  me  by  the  officers  of  the 
Congress,  I  must  say  that  I  have  not  presumed  to  solve  the  problems 
which  present  thenis<;lves  at  tliis  time,  nor  do  I  fed  oompetent  even 
to  state  many  of  them.  But  it  is  instructive,  in  a  time  like  this,  to 
attempt  a  general  survey  of  some  of  the  great  qucatiotw  of  the  day, 
with  a  view  of  noting  tlicir  bearing  upon  the  knowk-dsc  of  tlie  past. 
We  are  continually  made  to  feel  that  all  of  our  inquiries  and  reeults 
must  be  reexamined,  and  our  conclusions  broadened  and  modiHed 
by  new  phenomena. 

Charles  Babbage,  whose  last  published  work  wa.<4.  if  I  tnititake  not, 
a  review  of  the  London  Exposition  of  1851,  in  the  Xinth  IJridgcwater 
Treatise,  gave  incidentally,  by  way  of  enforcing  hia  thoughts,  a  rcvitrw 
of  his  earlier  work  on  calculating-machines.  His  work  covered  the 
simple  e&so  of  a  machine  composed  of  wheels  and  levers,  capable  of 
computing  the  successive  terms  of  any  series.  The  simplest  case  is 
an  arithmetical  scries,  the  differences  between  the  successive  terms 
being  unity.  This  is  the  device  which  we  now  iise  in  the  street-care 
for  counting  fares.  He  aaserted  the  possibility  of  making  a  machine, 
capable  of  computing  the  terms  of  such  a  seriee,  or  of  any  other, 
CooUnuing  the  operation  for  thousands  of  years;  and  pointed  out 
that  the  nmchine  may  be  so  designed  that  it  will  then  compute  one 
single  arbitrary  term,  having  no  relation  to  the  series  which  had  pre- 
ceded. It  may  then  resume  the  former  series,  or  it  may  be^tn  com* 
puting  a  geometrical  series,  or  a  series  of  squares  or  cubes  of  the 
natural  numbers.  A  scientific  investigator,  who  is  not  permitted  to 
see  the  mechanism. begins  to  observe  and  record  the  series  of  numbers 
which  are  being  disclosed  on  the  dials.  He  soon  learns  the  mathe- 
mulicnl  law  of  the  scries.  H©  observes  the  time-aequcnee  of  the  huc- 
ceesive  terms,  and  computes  the  date  when  this  order  of  things  began. 
He  then  makes  use  of  his  knowledge  of  other  machinery,  and  makes 
a  working  drawing  of  the  hidden  mechanism  which  produces  these 
results.  He  verifies  bis  work  by  years  of  subsequent  observations. 
With  what  amazement  does  he  fiually  behold  that  single  arbitrary 
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termi  With  vhat  amazement  docs  he  then  see  th«  machino  begin  to 
compute  the  squares  or  the  cubes  of  the  numbers  it  had  prc^-iously 
dtaclosedl  The  date  when  that  machine  was  created  and  set  to  work 
has  been  rudely  called  in  question  by  the  new  and  seemingly  lawless 
behavior  of  whinh  it  appears  to  be  capable.  And  yet  the  oliserver  still 
feels  that  thtt  principlRt)  of  mcohaniam  have  not  been  shaken  by  this 
tuilookcd-for  disclosure.  He  agun  bcgtnti  hia  work,  with  broader 
eonecptions  of  the  plan  of  this  machine.  And  his  subsequent  work 
is  along  precisely  the  aame  lines,  and  by  the  same  methods  as  his 
previous  work. 

It  is  in  exactly  this  way  that  all  scientific  work  has  proceeded, 
and  I  nish  to  point  out  a  few  interesting  cases  of  this  kind.  I  Bnd  It 
imposeiblc  to  do  this  without  presenting  the  present  aspect  of  these 
problems  in  connection  with  the  work  of  the  post.  This  plan  gives 
a  perspective  which  not  only  adds  to  the  inten^st  but  to  the  clearness 
of  the  presentation. 

The  nebular  hypothesis  was  an  attempt  by  Kant,  Laplace,  and 
HerscheJ  to  trace  the  evolution  of  the  solar  system  from  a  glowing 
mass  of  incandescent  vapor  or  gas.  As  the  theory  wae  considered 
and  dovolopod,  an  immense  number  of  correlated  phenomena  were 
found  to  be  in  harmony  with  this  hypothesis,  and  a  few  discordant 
phenomena  were  also  found.  The  operation  wm,  moreover,  based 
on  a  few  fundamental  and  weU-«stabli8lied  laws,  governing  the  pre- 
sent condition  of  the  system;  such  as  graintation,  radiation  of  heat, 
etc.  The  case  became  more  and  more  convincing,  as  the  knowledge 
of  the  last  century  was  applied.  All  of  this  caused  the  astronomers 
and  physicists  to  find  it  very  easy  to  give  to  the  bypothc«i8  their 
tacit  assent. 

Later,  Sir  William  Thomson,  now  Lord  Kelvin,  took  up  the  ques* 
tion  of  underground  temperature,  and  determined  the  limit  in  time 
since  which  the  earth  must,  have  begun  to  solidify.  He  also  assumed 
that  the  present  order  of  things  had  come  down  to  us  from  the  past, 
and  that  the  present  order  of  things  consisted  in  the  radiation  of 
heat  from  a  cooling  earth. 

The  time-interval  which  Kelvin  thus  determined  was  in  entire 
harmony  with  the  nebular  hypothesis,  but  the  results  were  received 
with  something  like  consternation  by  geologists,  and  those  who  had 
followed  Darwin  in  the  study  of  the  evolution  of  organic  life  upon 
the  earth.  Afterwards  Kelvin  sought  to  show  that  tlie  process  of 
solidification  might  have  required  but  a  short  interval  of  time,  and 
the  evuiutionisie  have  found  that  evolution  goes  on  by  slops  or  sudden 
changes  rather  than  by  a  continuous  succession  of  imperceptible 
increments. 

The  geologists  have  never  been  reconciled  to  Kel%*in*8  results,  and 
their  protests  have  of  late  seemed  to  be  on  the  increase.   Of  lato  the 
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situation  ha*  changed  in  v»riou«  ways.  The  di»covcr>-  of  radioactive 
matter  in  wido  diffusion  in  the  earth's  cni£t  has  rooponed  the  whole 
question  of  undeiground  temperature  as  related  to  the  age  of  the 
earth  and  it3  past  history.  Nevertheless,  if  the  nebular  ihcor}-  in 
any  form,  or  any  similar  theor>\  represent-s  the  proceas  of  evolution 
of  the  soUr  system,  a  large  amount  of  heat  due  to  gravitational 
eontnetion  must  have  resulted,  and  must  have  been  diapoeed  of  by 
radiation. 

During  soveral  years  I  have  been  giving  attention  to  the  oondi- 
tioDS  of  evolution  of  a  gaseous  nebula.  Tlie  equations  of  equUibritun 
for  such  a  mass  have  been  developed.'  A  cosmical  maas  of  gas  was 
aeaumed,  satisfying  everj-where  the  Boyle-Gay-Luaeac  law.  capable 
therefore  of  expanding,  of  being  compressed,  and  of  transmitting 
preesure,  and  having  a  centre  towarda  which  it  gravitates. 

Such  a  mass  of  gas  is  a  aimple  heat-eagine.  The  pl&tun  face  ts  any 
tpherical  concentric  surface.  Tlie  load  on  the  piston  is  the  weight 
of  superposed  layers,  external  to  the  piston  face.  The  radially  in- 
wardly directed  pressure  is  exactly  that  required  to  balance  the 
outward  pressure  of  the  inclosed  mass.  As  radiation  and  contraction 
proceed,  the  load  on  the  piston  increaaes,  in  a  perfectly  definite  way, 
due  to  increase  In  weight  of  eacli  element  of  mas^  aa  it  approaches 
the  gravitating  centre.  Whatever  may  be  the  nature  of  the  gas,  as 
determined  by  the  numerical  value  of  the  Bciyle-^^iay-Lussac  con- 
stant, at  Boroc  time  in  ltd  hiator>-  contraction  will  have  proceeded 
ODtil  aome  fixed  or  de&nite  mass  shall  have  been  compressed  within 
«  fixed  volume  of  definite  radius.  The  equations  show  that  the 
preasure  at  the  surface  of  this  muss,  that  is  to  say,  the  load  on  the 
piston,  will  then  be  entirely  independent  of  the  nature  of  the  gas. 

The  difference  between  gases  will  only  be  shown  in  the  time  re- 
quired for  them  to  reach  Ihi-s  assumed  stage  in  their  gravitational 
history.  A.  gaa  which  permits  the  heat  of  compression  within  the 
I^ston  face  to  eecape  most  quickly  into  the  refrigerator  external 
to  the  nebula  will  reach  this  stage  most  quickly.  When  this  has 
been  done,  presHures  and  dennities  at  the  piston  face  are  wholly  inde- 
pendent  of  the  nature  of  the  gas.  The  total  work  nf  compression  done 
QD  the  mass  witliin  the  piston  face  up  to  thi.<i  time  is  also  indrpondent 
of  the  nature  of  the  gas.  But  the  temperatures  at  the  piston  face 
will  be  inversely  as  the  numerical  value  of  the  Boyle-Gay-Lussac 
constant. 

It  IB  e>'ident,  therefore,  that  the  law  of  contraction  cannot  be 
indeterminate  as  in  the  case  where  the  load  is  imposed  by  the  hand 
of  man.  There  is,  therefore,  in  addition  to  the  Boyle-Gay-Lussac 
law,  another  dcfiiiite  relation  between  any  two  of  the  three  variables 
involved  in  that  law.  Tlic  application  of  well-known  equations  of 
'  Trtauactimu,  Acadviny  at  .Science  of  Si.  Louis,  xin,  no.  3;  xiv,  no.  4. 
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thennodynamics  led  to  the  result  that  the  deosity  at  any  suoh  piston 
face  was  directly  ptoportloiuil  to  the  nth  power  of  the  pressure. 
The  value  of  n  is  found  to  hi  0.908  fur  all  gases  like  oxygen,  hydrogea, 
nitrogen,  and  air.  The  operation  ia,  thervfore,  one  lying  between  iao- 
thcrmal  and  iaentropic  compression,  and  near  to  the  former.  The 
specific  heat  of  gravitational  comprPSBion  is  therefore  negative.  The 
unit  mass  of  gas  at  any  point  rises  in  temperature  during  compres- 
sion, and  for  a  rise  of  temperature  of  l^C,  it  gives  oS  by  radiation 
a  definite  amount  of  heat. 

If,  now,  such  a  nebula  be  supposed  to  extend  to  an  infinite  distance 
from  the  gravitating  centre,  the  mass  of  the  nebula  will  be  infinite. 
Pressure,  density,  and  temperature  then  all  become  zero  at  an  infinite 
distance.  Suppose  such  a  nebula  to  have  reached  such  fi  stage  in  its 
contraction  that  the  mass  of  our  solar  system,  1.99X  10"  grammes, 
is  internal  to  Neptime's  orbit,  then  it  turns  out  that  the  pressure  there 
will  be  aljnut  what  it  is  inCrookestuhc,  1.74X  10~' atmospheres.  The 
density  will  Ijc  far  leas  than  in  a  Crookca  tube,  viz.:  1.40X  I0~" 
c.  o.  8.  The  temperature  fur  a  hydrogen  nebula  will  be  3000^.,  and 
for  other  gases  it  will  be  higher  in  inverse  ratio  as  the  value  of  the 
Boyle-Gay- Lussac  constant. 

If  the  mass  of  the  nebula  be  made  finite,  the  conditions  become 
still  more  interesting.  Let  the  condition  be  imposed  that  the  mass  of 
the  nebula  is  that  of  our  solar  system,  and  that  it  has  so  contracted 
that  Neptune's  mass  only  is  external  to  Neptune's  orbit.  Then  the 
temperature  at  Neptime's  place  drops  to  about  1900'*C.,  (or  hydrogen,' 
and  both  preaaiu^  and  temperature  become  very  much  teas  than 
before.  P1.49X  lO"";  d  l.dSX  10"".  The  thiokness  of  the  spherical 
shell  which  would  contain  Neptune's  mass  \£  about  a  million  miles 
(1.6SX  I0~"  cm.).  At  the  external  surface  of  this  nebula,  the  con- 
dition imposed  makca  P,  d,  and  T  sero,  as  the  equations  show. 
Nevertheless,  a  large  fraction  of  Neptune's  mass  would  be  gaseous 
and  far  above  its  critical  temperature.  It  seems  to  mc  impossible  to 
think  of  a  nebula  having  such  propcrti(>8  generating  by  any  reason- 
able rotation  a  system  of  planetary  bodiea.  With  Neptune's  mass 
on  the  surface  of  such  a  nebula  consisting  of  matter  having  a  density 
and  pressure  leas  than  a  thousandth  of  these  values  in  a  Crookes 
tube  vacuum,  how  could  we  conceive  of  this  matter  being  gathered 
into  a  single  planet? 

A  much  more  reasonable  hypothesis  is  one  discussed  by  G.  H. 
Darwin  in  1SS9,  in  the  Philosophical  Transactions  of  the  Royal 
Society.*  Darwin  discussed  the  pmperties  of  a  swarm  of  solid 
meteoric  masses,  and  gives  very  strong  proof  of  the  proposition  that 

■  In  a  nebula  of  mixed  gasM.  each  gas  will ,  of  eourao,  have  it«  own  tMnpcnktun, 
aa  ut  well  undirrstood. 

'  Oiith<'"Mcclv)uiicalf;<m(litioii«of  »  Swarm  of  lllet«oritea,"ajiiloa" Theories 
ol  Coanogony,"  Phil.  Trant.  1$89. 
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a  system  of  planetary  bodies  may  otiginato  in  this  way,  although  he 
is  very  cautious  and  conservative  in  stating  conclusions.  The  great 
importance  of  this  thcoiTi'  of  plnneiJirj'  origin  from  the  standpoint  of 
planetary  geology  and  the  evolution  theory  seems  to  demand  that 
it  diould  recei\'e  more  attention  than  it  has  yet  received.  The  tem- 
pexBiure  of  the  groat  mass  of  such  a  swarm  vrM  be  ver>'  much  lower 
than  in  the  case  of  the  gaseoua  nebula,  The  larger  part  of  such  a  mass 
will  approach  absolute  rero  in  temperature.  According  to  this  hypo- 
thesis, even  Mereurj'  may  havo  been  solid  when  it  separated  from  the 
parent  mass,  although  in  its  later  stages  a  large  moss  might  become 
a  gaseous  nebula,  as  the  sun  now  is.  But  in  case  of  a  body  like  our 
earth,  of  such  relatively  smaU  sUze,  and  so  far  removed  from  the 
beated  core,  there  does  not  seem  to  be  any  necessity  for  the  assump- 
tion that  it  was  ever  in  a  fused  condition. 

In  view  of  these  new  developments,  it  seems  peculiarly  important 
that  o  discxission  of  the  limits  of  maximum  temperature  which  the 
mass  of  our  earth  has  reached  in  the  past  should  now  bo  taken  in 
hand  again.  Suppose  a  swarm  of  meteorites  to  fill  the  space  internal 
bo  the  moon's  orbit,  having  a  total  mass  equal  to  that  of  our  earth. 
Aaaume  that  the  mass  is  in  rotation,  so  that  the  moon  is  about  to 
eepwat*  from  the  parent  mass.  It  would  probably  be  too  radical 
to  assume  that  each  element  of  mass  has  either  the  same  actual 
Telocity  or  the  same  angular  velocity.  Various  hypoUieses,  more  or 
less  probable,  are  possible.  Assume  an  initial  temperature  approach- 
ing zero  absolute.  It  seems  clear  that  the  highest  temperature 
teaclied  in  passing  to  the  present  condition  of  things  may  be  for  below 
the  temperature  of  fusion. 

A  body  falling  directly  from  the  moon's  distance  to  the  earth  will 
develop  59/60  of  the  kinetic  energj-  it  would  arquirc  in  falling  fn>m 
an  infinite  distance.  The  earth  is  yet  being  bombarded  by  meteoric 
natter  having  such  velocities.  But  the  operation  ia  taking  place 
90  slowly  that  the  heat  has  time  to  become  dieeipated  by  radiation,  bo 
thai  no  appreciable  rise  in  temperature  of  the  earth  results.  To  what 
extent  may  this  condition  have  held  in  the  past?  Darwin  discussed 
the  tendency  of  the  larger  maa-ies  in  such  a  swarm  to  aepumulate 
towards  the  centre.  It  ia  a  kind  of  sorting  process.  These  larger 
masses  would  be  in  general  of  a  metallic  character.  The  more  brittle 
rocks  of  smaller  density  would  therefore  form  the  outer  layers  of  our 
earth.  May  not  the  heterogeneous  character  of  our  so-called  igneous 
rocks  be  explained  in  this  way?  And  the  shrinking  of  the  eartii  would 
then  perhaps  be  in  part  the  flowing  of  this  porous  moss  into  con- 
tinuity. And  it  may  incidentally  be  pointed  out  that  the  existence 
of  the  belt  of  meteorites  known  as  the  asteroids  is  a  most  significant 
indication  of  the  conditions  which  must  have  existed  at  a  certain 
ttage  in  the  history  of  our  solar  system. 
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Tlie  problems  of  the  present  which  h&vc  aroused  general  interest 
are  those  which  pertAin  to  the  physical  constitution  of  matt«r.  And 
here  we  are  at  once  confronted  with  the  question,  What  do  we  mean 
by  mutter?  How  is  matter  to  be  recognized?  Of  late  we  have  been 
hearing  such  ptira^es  h»  "the  electrical  theory  of  aiatter."  There 
Beenia  to  be  a  marked  tendency  towards  the  idea  that  matter  and  it« 
propcriicb  ore  alike  electrical  phenomena.  Some  even  intimate  that 
the  moltiuular  theory  of  gaeea,  and  the  atomic  theory*  of  the  chemist 
•lTC  tottering  to  a  fall.  We  have  long  knonTi  that  matter  in  motioa 
is  a  form  of  energj'.  This  energy  of  moving  matter  in  i:ontinua1ly 
being  converted  into  molecular  or  atomic  vibration,  and  then  escapes 
from  u«,  apparently,  forever,  in  the  form  of  ether  waves.  We  have 
ftlso  long  known  that  electricity  in  motion  h  a  fonn  of  cnergjr',  and 
that  the  energy  6o  mamf(-«ting  itself  is  also  all  Enatly  converted  into 
heat,  and  theo  into  ether  waves. 

Now  this  parallel  certainty  guggests  an  clectricftl  theory  of  matter, 
but  it  also  suggests,  equally,  a  material  theory  of  electricity.  And  so 
far  from  being  antagonistic,  these  two  theories  are  identical.  There 
is  nothing  whatever  to  show  that  electricity  ha«  ever  been  separated 
from  something  whirh  has  what  we  have  been  acamtomed  to  call 
mass.  Rowland  '  found  that  when  the  charged  sectors  on  his  rotating 
disk  were  rotated,  a  magnetic  field  was  produced,  corresponding 
to  that  produced  by  a  current  of  electricity.  If  the  motion  of  the 
matter  which  carries  the  positive  electric  charge  is  in  a  positive  direc- 
tion, the  field  is  the  same  as  that  produced  when  a  negative  charge 
is  moved  in  a  negative  direction. 

Rutherford  has  recently  found  phenomena  of  radioactive  matter 
which  have  a  most  vital  interest  in  connection  with  Rowland's  work. 
The  a  and  fi  particles  which  are  shot  oft  from  such  matter  are  mov- 
ing in  the  same  direction,  and  they  are  oppositely  deflected  in  a  mag- 
netic field.  Tliey  Iwhave  like  superposed  or  perhaps  jiLXtaposetl 
electric  currents  of  opposite  sign  flowing  in  the  same  direction.  If 
in  these  radiations  the  a  and  fi  particles  were  moving  in  opposite 
directions,  then  in  a  magnetic  field  they  would  be  deflected  in  the 
same  direction.  This  at  once  raises  a  question  concerning  the  natiire 
of  an  electric  current  in  a  conducting  wire.  Let  us  assume  that  we 
start  with  the  positive  and  negative  charges  on  ttie  terminals  of  the 
Holtz  machine.  What  is  it  that  ia  taking  place  when  the  terminals 
arc  joined  by  wires  leading  to  a  galvaaomcter?  We  get  a  current 
which  we  are  wont  to  aay  is  due  either  to  a  positive  current  flowing 
in  a  positive  direction,  or  to  a  negative  current  flowing  in  an  opposite 
direction.  If  we  cease  to  apply  work  to  the  rotating  wheel,  it  comes 
to  rest,  and  the  potential  of  the  conducting  wire  becomes  uniform 
throughout.  Its  extremities  which  terminate  in  front  of  the  charged 
■  Atneritan  Jevmal  of  Srienee,  [3]  xv,  90-38, 1878. 
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inductots  are  therefora  bo  charged  as  to  prmluoe  this  uniform  potan- 
lial  in  the  prcecccc  of  tbcec  charged  inductore,  and  the  polariud 
glaaB  of  the  rotor.  Tlie  ends  of  tlie  conductor  arc  therefore  oppositely 
charged.  There  U  on  ite  surface  a  neutral  line  of  no  charge.  During 
the  motion  of  the  rotor  these  opposite  charges  are  oppositely  directed 
in  the  conductor.  Tliey  are  continually  being  a<tded  together.  Equal 
quantities  of  unlike  aigns  are  continually  being  added  together.  Are 
we  to  assume  that  equal  currents  of  unlike  signs  are  superposed?  Is 
a  poutivc  current  in  a  positive  direction  identical  with  a  negative 
cutrcnt  in  a  negative  direction?  Mathematically  we  should  say  yce. 
"Die  rceulting  current,  moreover,  is  uniform  throughout  the  circuit, 
when  mensured  by  its  ejclemal  electromagnetic  effects.  We  may  loop 
in  calibrated  galvanometers  at  any  point  in  the  circuit,  and  they  tell 
the  aame  story.  But  what  do  the  results  of  Rowla.nd  and  Rutherford 
teach  us?  The  j9  pariiclc«  carry  the  negative  ch&rge.  Tiie  negative 
charge  is  port  and  parcel  of  something  which  has  a  positive  mass. 
The  CI  particles  arc  perhaps  a  combination  of  more  ^  particles  in 
combination  with  other  particles  havirg  (or  being)  a  positive  charge 
of  greater  numerical  value.  We  have  found  long  ago  that  the  pro- 
ducts of  an  explosion  are  not  necessarily  composed  of  matter  in  its 
most  elementary  form.  But>  these  a  particlefl  are  also  part  and  parcel 
of  something  which  has  a  pouitive  inflKi. 

Arc  we  to  think  of  thia  conductor  as  being  the  »eat  of  some  action 
by  which  positive  masses  arc  being  urged  in  a  positive  direction  and 
pootive  masses  are  also  being  urged  in  an  opposite  direction?  Are 
we  to  think  that  the  mass  of  such  a  conductor,  carrying  a  direct  cur- 
rent, is  slowly  increasing,  and  that  after  many  thousands  of  years  this 
ioereaae  will  become  appreciable,  resulting,  perhaps,  in  a  clogging  of 
the  conductor,  and  a  decrease  in  Its  conduction?  In  that  ca^e  a  cur- 
rent of  positive  electricity  moving  in  a  positive  direction  is  not  a 
current  of  negative  clectrieity  moving  in  a  negative  direction.  la 
that  case  the  nature  of  positive  and  negative  currents  of  electricity 
Sowing  in  opposite  directions  is  fundamentally  different  from  that 
of  the  flow  of  heat  and  cold  in  opposite  directions,  for  it  involves 
the  motion  of  masses  in  opposite  directions.  It  would  be  interesting 
to  examine  whether  the  long-continued  use  of  &  conductor  carrying 
t  continuous  current  may  not  result  in  conferring  upon  it  radioactive 
properties.  The  results  of  J.  J.  Tlionmon  *  on  the  pheuumena  shown 
by  a  Oeisaler  tube  15  meters  in  length  are  very  Kignlficant  in  this  con- 
iwotion.  He  finds  the  positive  luminescence  to  travel  in  a  direction 
opposite  to  that  of  the  cathode  stream  in  the  Crookes  tube,  with  a 
velocity  aomewbat  more  than  half  that  of  light.  The  older  results  of 
Wheatstone '  also  show  that  the  current  from  a  Leyden  jar  travels  in 

'  Rfctnl  Rf»«aTckei  in  EUctricitii  and  MiurKii^m,  p.  Hi 
'  Pha.  Tram.,  Royal  Soei«ty,  London,  1834. 
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opposite  directions  within  the  conductor  which  joins  its  coatings. 
Hie  middle  point  of  the  conduclor  is  Inst  reached  by  the  discharge. 
If  the  discharge  is  mftintained  and  a  steady  current  is  finally  pro- 
duced, this  currert  must  apparently  consist  of  positive  and  negative 
electricity  flowing  in  opposite  directions. 

II  air  be  pumped  out  of  one  boiler  and  into  aaotber,  two  kinds  of 
pressure  arc  thus  generated.  If  these  pressures  are  added  together, 
by  connecting  the  boik-rs  by  means  of  a  conductor,  th4?se  pressures 
are  added  together,  and  both  disappear.  If  we  tap  these  charged 
boilers,  the  discharge  from  one  will  attract,  and  from  Uie  other  will 
repel,  an  uncharged  testing  sphere.  If  the  testing  spliere  be  itself 
charged,  we  shall  find  that  like  charges  repel, if  both  are  positive,  and 
attract,  if  both  are  negative. 

It  is  unnecessary  here  to  enlarge  upon  the  well-known  differences 
between  the  positive  and  negative  terminals  of  an  exhausted  tube. 
All  of  tliese  plienomena  will  finally  be  lielpful  in  arriving  at  the  nature 
of  the  difference  between  positive  and  negative  electricity.  But  I  will 
refer  to  certain  phenomena  which  do  not  Bc«m  to  be  so  well  known. 
Every  one  is  familiar  with  the  sinall  points  of  light  which  may  often 
be  seen  dancing  in  a  crazy  fashion  over  the  cathode  knob  of  the  Holtz 
machine.  A  similar  appearance  can  be  seen  on  the  negative  carbon 
of  a  direct  current  arc,  and  in  the  negative  bulb  of  the  mercury  vapor- 
lamp.  Tliesc  points  of  light  may  be  made  to  pass  from  the  cathode 
knob  of  the  Holtz  machine  to  the  surface  of  a  photographic  dry- 
plate,  exposed  in  open  daylight.'  St^paratn  the  knobs  so  that  no 
spark  will  pass.  Plaec  the  plate  near  or  between  them.  Connect  the 
knobs  with  two  small  metal  disks,  each  armed  with  a  pin-point,  ao 
bent  that  it  makes  contact  with  the  film.  The  point  of  the  pin  may 
rest  upon  the  short  mark  of  a  lead  pencil,  drawn  upon  the  film,  the 
pins  pointing  tnward.5  each  other  on  the  plate.  Points  of  light,  like 
the  BO-calli'il  ha  11- lightning  discharges,  will  come  from  the  cathode 
tdrmiiui]  and  successively  travel  slowly  over  the  plate,  leaving  a  black- 
ened trail  of  reduced  silver  behind.  By  means  of  a  lead  pencil  held 
in  the  hand  with  the  point  near  the  cathode  pin-point,  these  dis- 
charges may  be  induced  to  make  their  appearance  on  the  film,  and 
may  be  deflected  into  various  directions  after  they  have  appeared. 
When  left  to  themselves  these  minute  Hpecimcna,  of  what  may  per- 
haps be  called  ball-lightning,  tend  to  follow  the  lines  of  the  field,  but 
their  paths  arc  somewhat  affected  by  the  paths  of  prior  disohargos.  If 
one  of  these  points  of  light  is  seen  on  the  pin  which  arms  the  cathode 
terminal,  there  will  usually  be  none  upon  the  film  of  the  dry-plate.  It 
may  be  brought  upon  the  plate  by  holding  a  pencil-point  near  it. 

These  ball  discharges  come  from  the  cathode  and  travel  to  or 

towards  the  anode.  They  cannot  be  induced  to  come  from  the  anode. 

*  TnTuaeluma  Ot  the  Academy  of  Sdence  of  St.  Louis,  x,  oo.  6. 
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or  to  travel  Bgainsl  the  negative  current.  The  anode  terminal  has  a 
visibte  disolmrgo  whioh  appears  t*i  [Jasa  from  U,  and  t.be  pi  lo  to  graphic 
plate  at  the  aiit«le  tuuks  somewhat  liki.'  a  picture  of  a  relM-*f  map  of 
the  delta  formation  at  the  mouth  of  a  nver. 

If  a  conductor  he  laid  upon  the  pl&t«  between  the  two  pin<pointa, 
there  are  then  two  gaps  in  the  circuit.  Elach  has  an  anode  and 
ft  cathode.  Thia  conductor  may  be  a  metal  disk  armed  with  pins  180 
degrees  apart,  n-hich  face  the  discharge  point!!.  It  may  be  a  pencil- 
mark  up<in  the  film  or  even  a  spot  of  rwluced  silver  on  the  film.  The 
ttme  discharge  will  start  from  the  cathode  terminal  of  this  inter- 
mediate conductor  and  will  travel  slowly  in  the  negative  direction. 
With  an  induction  coil  giving  an  eight-inch  spark,  these  ball  dia- 
cb&rgcs  can  be  formed  on  the  surface  of  wood.  In  all  cases  it  is  evi- 
dent that  chemical  work  is  being  done  by  the  elowly  advancing  ball 
or  point  of  light,  and  it  la  interesting  to  obser\'e  that  it  is  the  cathode 
discharge  only  which  seems  to  be  active.  The  reason  for  this  may  be 
partly  electrical  and  partly  chemical.  Ttic  anode  terminal  of  the 
machine  may  be  grounded  on  a  gati-pipo.  and  the  cathode  terminal 
only  armed  «nth  a  point,  and  the  plate  may  be  placed  far  away  from 
the  machine,  connection  being  made  between  its  cathode  terminal 
snd  the  pin-point  on  the  film,  with  the  same  results.  It  may  be  added 
that  these  plates  may  be  of  the  most  sensitive  character,  and  may 
be  freely  exposed  to  daylight  for  days  Iwfore  they  are  used.  Thry  may 
ilso  be  developed  in  the  Hght  in  a  bath  not  very  strongly  alkaline. 
The  plate  will  develop  clear,  with  the  discharge  tracks  dark.  The 
[HCture  will  not  reverse  photographically.  It  probably  would  do  so 
if  the  piste  were  exposed  to  direct  sunlight  while  the  electrical  cx- 
[X>eurc  is  made. 

With  an  induction  coil  having  an  alternating  potential  on  its 
terminals,  these  ball  discharges  may  be  obtained  from  both  terminals. 
They  will  travel  towards  each  other  if  on  the  same  plate,  but  they 
irill  not  unite. 

In  a  closed  circuit,  one  part  of  which  is  moved  acro&s  the  lines  of 
a  magoetic  field,  as  in  the  case  of  a  dynamo,  we  must  suppose  that 
the  po«itivc  and  negative  currents,  if  both  exist,  are  superposed  in 
that  part  of  the  wire  in  which  the  electromotive  force  originates. 
The  currents  are  superpOBcd  at  their  origin.  The  same  ether  machin- 
ery which  urges  the  positive  current  in  one  direction  urges  the  nega- 
tive current  in  the  opposite  direction.  With  the  Holtz  machine,  we 
have  one  half  of  the  machine  positively  and  the  other  half  negatively 
charged.  If  the  knobs  are  widely  separated,  and  conductors  each 
armed  with  the  pin-point  be  led  off  in  opposite  directions,  each  ter> 
minating  on  the  film  of  a  photographic  plate,  the  cathode  will 
deliver  a  ball  discharge  upon  its  film,  while  the  anode  will  not.  The 
tnacbine  terminal  which  isnot  being  used  may,  if  desired,  be  groimded 
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on  a  gas-pipe.  Uapeiioil-mark  be  made  upon  th(*plaf«neartbei 
it  will  be  actol  upon  inductively,  and  a  ball  diischurgo  will  p 
it  to  tlic  anode  pin-poiut.  The  poaitivu  di»charRt:  will  go  in'tbe  oppo- 
site direction  from  the  pcncU-mark,  but  it  leaves  no  trace.  It  appears 
that  this  ball  discharge  upon  the  surface,  which  results  in  a  destruc- 
tion of  the  insulation  of  the  surface,  is  a  characteristic  of  the  negative 
current. 

What  would  t>e  the  result  if  a  suspended  Maxwell  coil  were  to  be 
looped  into  cither  of  these  unipolar  circuits?  Would  this  caae  ncoc»- 
sarily  give  the  same  result  that  Maxwell  obtained?'  Of  course  we 
know  that  the  result  which  MaxwcU  sought  to  detect  is  very  small. 
We  are  more  particularly  concerned  with  the  nature  of  the  action 
than  with  the  magnitude  of  the  result.  If  the  a  particles  are  »o  large 
that  they  can  contribute  little  or  nothing  to  the  current  through 
a  metallic  conductor,  then  the  positive  current  may  practically  be 
left  out  of  consideration.  But  it  £ccms  doubtful  whether  the  a  par- 
ticles arc  ultimate  in  their  character,  and  here  is  where  experimental 
work  is  yet  needed.  It  would  bo  exceedingly  interesting  to  study 
these  ball  disnharges  upon  a  photographic  plate  under  dirainishing 
pressures,  as  they  gradually  become  a  cathode  discharge,  in  a  Croolces 
tube.  A  Crookcs  tube  may  be  connected  by  only  one  of  its  terminals 
to  the  Holts  machine.  The  free  terminals  of  the  machine  and  tube 
may  be  connected  to  wires  hung  on  silk  fibres  and  making  contact 
with  many  pointed  groimd  platee  hiuig  on  long  silk  fibres  in  air. 
The  terminals  are  then  in  fact  grounded  on  the  duet  particles  in  the 
air.  Either  one  of  these  air  contacts  Eoay  be  replaced  by  a  ground  on 
the  gas-pipe.  In  all  of  the  possible  arrangements  covered  in  this 
description  the  tube  will  give  excellent  X-ray  pictures. 
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One  of  these  arrangements  is  represented  in  the  annexed  ^^re, 
where  the  cathode  terminal  of  the  tube  is  grounded  on  the  gas-pipe, 

■  EUctricitif  ond  MagntHm,  n,  p.  201. 
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uid  is  therefore  at  zero  potential.  The  ground  contAct  of  the  tube 
may  be  rpplsccd  by  an  air  contact,  unci  the  ui>gative  terminal  of  the 
machine  may  then  be  grounded  on  the  gae-pipe  if  desired.  In  none 
d  these  cases  are  the  powtive  and  negative  currents  deliver*^  by  the 
machine  superposed  in  the  X-ray  tube.  In  all  iliese  cases  X-ray 
effects  are  obtained,  but  in  some  respects  the  tube  behaves  very  diETer- 
ently  when  in  the  positive  current  from  what  it  does  in  the  negative. 
In  the  negative  unipolar  circuit,  the  cathode  terminal  of  the  tube 
ia  in  direct  communication  with  the  negative  terminal  of  the  machine. 
When  in  the  positive  circuit,  the  anti-cathode  tenninal  of  the  tube 
ts  in  direct  communication  with  the  positive  terminal  of  the  machine, 
and  the  cathode  terminal  is  acted  upon  inductively  across  the  Crookcs 
lube  vacuum.  In  the  negative  current  the  luminous  appearances 
are  normal  and  stable.  When  in  the  positive  current,  the  discharge 
may  be  made  to  cease  by  holding  the  hands  near  the  bulb,  and  the 
huninous  glow  ia  affected  by  the  motion  of  neighboring  bcxlies.  The 
discharge  is  much  more  unstable.  If  the  observer  approaches  the 
auspeoded  grounding  device  the  face  and  the  hands  are  covered  by 
ItimiDous  points  of  hght,  which  characterize  the  cathode  terminal. 
This  phenomenon  is  very  striking  under  these  conditions.  Ball 
diaebarges  may  be  drawn  from  such  point  discharges  on  a  metal  point 
to  a  photographic  plate,  moving  on  the  plate  towards  the  anride  vire 
or  contact  plate  suspended  in  air.  It  is  apparent  that  the  wire,  when 
considerably  removed  fn>m  other  bodies,  is  discharging  upon  the 
dust  particles  in  the  air. 

Id  1870  Spottiswoode  and  Moulton*  published  &  paper  containing 
a  great  array  of  experiments  upon  the  spark  discharge  through  gases.- 
They  there  deolt  with  unipolar  disohnrge,  and  their  conclusions  are 
well  worthy  of  notice  in  this  connection.  They  conclude  that  "the 
independence  of  the  discharge  from  each  terminal  of  the  tube  is  so 
complete  that  we  can  at  will  cause  the  discharges  from  the  two 
tennioals  to  be  equal  in  intensity  but  opposite  in  sign  (as  in  the  case 
of  the  coil)  or  of  any  required  degree  of  inequality  (as  in  the  case  of 
the  coil  with  a  small  condenser).  Or  we  can  cause  the  discharge  to 
be  from  one  terminal  only,  the  other  terminal  acting  merely  recep- 
tively (as  in  the  case  of  the  air-«park  discharge  vAth  the  Holtz  ma- 
chine); or  we  can  cause  the  dlschai^e  to  pass  from  one  terminal  only, 
aod  return  to  it,  the  other  terminal  not  taking  any  part  in  the  dis- 
charge; or  finally,  we  can  make  the  two  terminals  pour  forth  inde- 
pendent discharges  of  the  same  sign,  each  of  which  passes  back 
through  the  terminal  from  whence  it  came."  Tliis  work  was  done 
before  the  Crookee  tube  had  appeared.  It  is  certninly  interesting  to 
observe  that  when  a  high  degree  of  rarefaction  has  been  reached, 
the  activity  within  the  tube  is  represented  by  the  catliode  stream, 
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even  when  the  terminal  from  which  it  comes  is  acted  upon  only 
inductively.  The  remarkable  thing  is  that  the  X-ray  effects  and  the 
luminosity  of  the  tube  should  then  be  so  grea.t.  'Vhti  unipolar  positive 
discharge  in  the  positive  direction  and  the  unipolar  negative  dis- 
charge in  the  negative  direction  give,  in  the  same  time,  an  X-ray 
picture  of  the  same  intensity,  when  developed  in  the  same  bath, 
although  in  the  Utter  caae  the  cathode  i«  only  acted  on  inductively. 

Unquestionably  the  great  problem  of  to-day  is  Ujc  determination 
of  the  nature  of  positive  electricity  and  its  rtlalion  to  what  is  left 
when  the  ^  particles  have  been  removed.  When  the  cathode  particle* 
have  left  the  induced  cathode  terminal  it  is  positively  charged,  and 
oommtmicates  that  charge  to  the  dust  in  the  air,  or  to  neighboring 
bodies.  It  does  this,  however,  by  a  similar  inductive  action,  and  the 
ball  discharge  traveling  over  tlic  photographic  platesuggests  thathere 
also  the  negative  particles  are  the  active  ooes. 

The  few  who  have  search-lights  have  of  late  been  throwing  them 
upon  the  groat  mass  of  experimental  work  on  the  discharge  through 
gases,  published  during  the  last  generation.  It  is  most  instructive 
to  remember  that  the  Crookes  tube  was  known  for  seventeen  years 
before  Roentgen  discovered  that  something  was  going  on  outside  of 
it.  A  rcpetitinn  of  some  of  the  work  done  on  spark  discharge,  and 
in  particular  the  wurk  of  Wlieatstone,  in  the  light  of  what  is  now 
known,  would  be  likely  to  yield  results  of  the  greatest  value.  It  would 
be  of  particular  value  to  study  by  the  Wheatgtone  method  the 
unipolar  discharges  of  the  Holtz  machine. 

A  few  words  only  may  be  added  respecting  radioactive  phenomena. 

We  have  long  been  familiar  with  the  changes  in  matter,  of  a  char- 
acter such  as  may  pc;rhaps  bo  described  as  spontaneouH.  Many 
oryst&lBSlowly  lose  their  water  of  crystallization.  They  give  off  eman- 
atiou.  Thoy  explode  very  slowly.  Now  emanations,  like  all  oth«r 
mfttters  and  things,  have  individual  peculinrities  which  enable  us  to 
recognize  them.  The  emanation  from  crj'stallized  sodium  carbonate 
is  also  given  of!  by  all  animals  and  plants,  and  is  evidently  a  very 
useful  and  widely  diffused  substance.  There  are  many  aubstancee 
which  go  to  pieces  and  give  off  energj".  They  explode.  Many  of  them 
give  oS  more  energy  per  gram  per  second  than  any  radioactive  body, 
while  radium  gives  off  more  energy  per  gram  than  any  other  body. 
The  radium  e.vplosion  also  goes  on  at  a  lower  temperature  than  that 
of  any  other  body.  It  hardly  seems  to  be  warranted,  to  say  that  the 
action  is  the  same  at  the  temperature  of  freezing  hydrogen  as  at 
ordinary  temperatures,  for  it  does  not  seem  that  any  high  degree  of 
precision  has  been  attained  in  suoh  a  measurement.  And  certainly 
it  can  hardly  be  claimed  that  we  know  what  these  radioactive  bodice 
would  do  at  a  temperature  below  16  degrees  abBo1ut«. 

Seven  years  ago,  an  attempt  was  made  in  my  laboratory  to  obttun 
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X-ray  effects  from  explosions.  High-grade  gunpowder  w&a  loaded 
by  strcmg  compression  into  ritle-shells  designed  for  n  ■10-gp»in  charge. 
This  poH-der  was  discharged  from  a  heavy  riHc,  agninBt  an  oak  target 
ax  inches  from  the  muzite  of  the  gun.  The  target  wan  faced  with  thin 
plates  of  aluminum,  which  required  frequent  renewal.  The  concus- 
sion was  sufficient  U)  extinguiah  a  gaa-flame  sovt^n  feet  fnim  the  line 
o(  disehargc.  The  plato  U£ed  was  one  which  would  yield  distinct 
X-ray  effects  from  on  oxposuro  of  one  second  to  a  Crookcs  tube, 
operated  by  an  eight-plate  Holtti  machine.  The  dry  plate  wa.s  placed 
behind  the  target,  and  was  subjected  to  the  discharge  of  twenty-five 
pounds  of  powder,  the  operation  requiring  the  npare  time  of  the  ex- 
perimenter for  forty  day.-?.  The  result  was  negative.  No  lluore«:cnt 
effects  could  bo  detected  by  an  observer  behind  the  tar^t.  A  rapid- 
fire  guo  might  yield  different  results. 

The  same  experiment  was  made  with  a  thousand  copper  shells 
loaded  with  mercury  fulminate.  They  were  exploded  in  twos,  one 
being  fired  electrically,  the  other  being  exploded  by  the  concussion. 
The  first  shell  was  laid  upon  a  wooden  block  resting  on  a  two-inch 
plank.  The  second  shell,  to  be  exploded  by  it,  was  laid  upon  it  with 
a  heavy  iron  bolt-head  just  above.  No  metal  was  intenxised  between 
the  explosive  and  the  photographic  film  beneath  the  plank,  and  it 
was  necessary'  to  replace  the  block  by  a  freeh  one  at  each  explosion. 
These  explosions  were  so  violent  that  a  photographic  plate  of  glass 
was  shattered  by  the  shock  at  almost  every  shot,  and  the  windows 
thirty  feet  distant  were  perforated  by  bits  of  copper  which  occasion- 
lily  escaped  through  the  surrounding  screens.  A  sensitive  film  of 
gelatine  was  used,  on  which  the  shadow  picture  was  expected,  but 
none  was  obtained.  There  i«  yet  some  reason  to  exiwct  positive 
results  from  experiments  of  this  kind.  It  may  well  be  that  explosives 
differ  in  this  respect  as  In  others.  An  investigation  of  the  products 
(tf  such  explofiions  by  the  electrical  n)e&ns  now  used  in  the  study  of 
radioactive  bodies  b  a  wide  and  most  inviting  field,  which  is  likely 
to  ud  in  the  explanation  of  radioactive  phenomena. 

Some  of  the  products  of  explosion  in  the  case  of  radium  and 
uranium  are  more  nearly  elementary'  in  character  than  other  bodien 
yield,  and  some  of  the  products  are  more  elementary  than  others. 

Now  there  is  nothing  unusual  in  findiiig  here  and  there  a  substance 
which  has  some  property  to  a  very  exalted  degree.  The  diamond 
is  such  a  case.  Iron  is  vastly  more  magnetic  than  any  other  substance. 
All  substances  are  magnetic.  A  groupconaisting  of  iron, cobalt,  nickel, 
etc.,  are  more  magnetic  than  the  great  body  of  substances,  and  iron 
beads  the  list.  There  is  nothing  more  remarkable  in  finding  a  group 
of  radioactive  substances  with  one  which  enormousjy  suqiasj^es  all 
others  than  there  is  in  finding  an  Academy  of  Science  with  some 
stember  surpassing  oil  the  others  in  some  particular  direction. 
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The  relations  vhich  have  been  found  to  exist  botwoen  atoms  and 
molecules  are  no  more  disturbed  by  the  behavior  of  radioactive  sub- 
■tances  than  by  the  explosion  of  nitroglycerine.  We  have  learned  that 
what  we  have  proviMonally  called  atoms  are,  at  leaat  in  some  canes,  as 
haa  lonR  l>een  believed,  very  complex  in  their  structure.  We  should 
hazdly  expect  an  art^hitect  to  lose  confidence  in  houses,  if  ho  finally 
learns  that  the  bricks  with  which  be  is  familiar  are  not  the  final  ele- 
ments in  thoir  structure.  That  the  bricks  arc  made  up  of  molecules, 
and  the  molecules  of  atoms,  and  the  atoms  of  electrons^  and  that 
some  houses  have  been  observed  to  fall  into  pieces  and  give  off  energy, 
would  hardly  affect  the  usefuloees  of  houses  which  do  not  fall  to 
pieces,  even  if  inertia  is  shown  to  be  an  electromagnetic  phenomenon. 
And  I  think  we  should  all  remember  that  the  proposition  that  matter 
has  mass  is  fundamentally  different  from  the  proposition  that  a  mass 
of  matter  has  inertia.  If  inertia  can  be  explained  to  bo  an  electro- 
magnetic quantity,  and  if  it  can  be  measured  in  new  units,  we  have 
not  changed  the  properties  of  matter.  It  is  still  matter,  and  it  still 
baa  both  mass  and  inertia.  If  inertia  is  an  electromagneUc  phe- 
nomenon, it  may  be  measured  in  terms  of  the  fimdamental  units  in 
whioh  all  electromagnetic  quantities  are  measured,  —  the  units  of 
length,  time,  and  mass. 

Formerly  a  force  was  measured  in  tenns  of  the  unit  of  mass  only. 
PeopJe  talked  about  a  force  of  one  pound.  Later  it  was  discovered 
that  a  force  could  also  be  measured  in  terms  of  the  pound,  the  foot, 
and  the  second.  At  this  time  we  did  not  hear  any  intimation  that 
matter  bad  had  its  day  and  was  about  to  be  abolished. 

In  physics  we  now  think  we  have  readied  the  domain  of  small 
things.  But  Uie  electron  may  also  be  a  very  complex  structure.'  If 
we  accept  Poynting'a  view  of  the  nature  of  electromagnetic  in- 
duction, the  electron  in  a  conductor  is  acted  upon  by  a  distant  and 
moving  electron,  through  a  medium  external  to  the  conductor.  The 
experimental  verification  of  this  ia  very  convincing.  In  addition  to 
this  complex  machinery  we  have  to  deal  with*  machinery  of  gravita- 
tion. 

We  may  always  assume  that  nature  ia  everywhere  complex  and 
ingenious.  A  visitor  to  our  solar  system,  who  should  begin  to  study 
it  from  our  earth,  might  begin  with  phyeica]  astronomy.  He  finally 
comes  to  chemistry,  to  zoology,  and  the  phenomena  of  life,  to  gov- 
ernmental organization,  to  the  moral  and  religious  inHuenres  whioh 
dominate  the  lives  and  motions  of  men,  to  the  simultaneous  juris- 
diction of  state  and  federal  eourta  within  the  same  territory.  By  the 
time  he  haa  come  to  know  this  world  as  we  know  it,  he  would  con- 
clude that  this  universe  of  ours,  which  he  first  iierceived  as  a  faint 
and  distant  speck  of  light  in  the  blajsing  firmament  of  etars,  is,  after 
all,  very  wonderful,  and  very  much  more  complex  than  was  at  first 
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believed.  In  airiving  at  our  preaent  ideas  of  the  mechanism  through 
which  matter  reacts  od  matter,  we  have  not  reached  them  by  finding 
that  the  old  ideas  mxist  be  renounced,  in  order  to  explain  some  nev 
phenomenon  which  is  apparently  out  of  harmony  with  the  explan- 
ation previously  made.  It  is  rather  that  each  new  development  has 
confirmed  what  had  gone  before,  has  made  it  seem  more  reasonable, 
and  has  filled  in  some  gap  in  the  knowledge  of  the  past.  The  ether, 
which  only  a  few  years  since  was  assumed  to  exist  because  it  seemed 
to  be  necessary,  has  become  more  and  more  centrally  important, 
and  has  finally  come  to  monopolize  most  of  the  attention  of  those 
who  would  seek  to  tmderstand  matter.  It  is  no  reproach  to  modem 
ideas  concerning  the  physics  of  matter,  that  they  are  complex.  The 
fact  that  they  are  also  harmonious  and  beautiful,  and  that  they 
famish  an  explanation  of  why  a  mass  of  matter  has  inertia,  and  pro- 
mise the  explanation  of  other  long-standing  puzzles,  converts  the 
accusation  of  complexity  into  a  crowning  glory. 
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of  AtnericMi  AMociation  for  the  Ad v»ii commit  or  Srienoe;  Vk^ President  of 
AmericaQ  Physical  Society.  Author  of  Radiation  and  Abtorption.] 

The  question  whether  the  luminiferous  ether  passes  freely  through 
matter  or  participates  in  the  translation  of  the  same,  considered  as 
t  moving  system,  stands  to-day  without  positive  answer,  nulwith- 
standing  the  numerous  experimental  attempts  and  the  varied  liypo- 
theses  which  have  been  made  since  the  discovery  of  aberration  by 
Bradley  in  1726.  The  simple  explanation  of  tliis  phenomenon  on. 
(be  corpuscular  theory  may  have  caused  the  century  of  delay  in  the 
closer  examination  of  the  question  until  it  became  necessary  to 
4!0iiaider  it  from  the  sl-andpoint  of  undulations  in  an  ether.  As  com- 
pared with  the  many  efforts  to  examine  the  question  in  the  second 
or  ether  period  we  have  perhaps  but  two  belnnging  to  the  first  or 
corpuscular  period.  Boacovich,  in  1742,  reflaoning  from  this  theory 
on  the  ground  of  a  difference  of  velocity  in  air  and  water,  proposed 
to  examine  the  aberration  of  a  star  with  a  tclest-upe  whoso  tube  wa« 
filled  with  water.  This  experiment  was  not  carried  out  till  long  aft«r 
by  Airy  in  1S72,  who  found  that  the  variation  in  the  aberration  waa 
■beolutely  insensible.  Aragn,  in  the  second  instance,  reasoning  on 
the  BEme  theory,  concluded  that  the  deviation  produced  by  a  prism 
would  vary  with  the  direction  of  the  earth's  motion;  but  he  was 
Unable  to  detect  any  such  change,  a  result  verified  later  by  more 
dehcato  means  in  the  hands  of  Maxwell,  Mascort,  and  others.  This 
experim>ent,  which  demonstrated  the  absence  of  any  effect  of  the 
earth's  movement  on  refraction  is  of  great  historical  interest.  This 
ne^tive  rasult,  which  to  Arago  was  inconsistent  with  the  corpuBcu- 
lu-  theory,  suggested  to  Fresnel  the  important  hypothecs  of  a  qui- 
escent ether  penetrating  the  earth  freely  but  undergoing  a  change 


106 


PHYSICS  OF  ETHER 


of  density  withio  the  medium  proportional  to  the  square  of  its  index 
and  being  convected  in  proportion  to  this  excess  of  deiiBity,  wltich 
would  give  an  apparent  velocity  to  the  ether  of  (1  —fi—')i',  instead  of 
the  velocity  of  the  earth.  Stoltes  suggested,  aa  a  simpler  idea,  that  we 
Huppose  the  etbcr  is  not  convected  but  passes  freely  througli  the 
earth,  being  condensed  as  it  passes  into  a  body  in  the  ratio  of  1  to  t*^, 
so  that  its  velocity  within  the  refracting  medium  becomes  (1  —  m"*)**. 
from  the  law  of  continuity.' 

Babiiiet  in  the  second-century  period  attempted  to  test  Fresnel'a 
theory  by  examining  the  interference  of  two  rays  traversing  a  piece 
of  glass,  the  one  in  the  direction  of  the  earth's  motion  and  the  other 
in  the  opposite  direction.  Stokes  ahowcd  that  a  negative  result  was 
not  contr&r>'  to  the  theory  of  aberration,  since  the  retardation  would 
be  the  same  as  if  the  earth  were  at  rest. 

He  showed  further,  what  Frennel  had  not  proven  to  be  true  in 
general,  that  on  Fresnel's  theory  the  laws  of  reflection  and  refraction 
for  single  refracting  media  are  uninfluenced  by  the  motion  of  the 
earth.  In  fact.Royleigh  has  shown  tliat,  in  using  terrestrial  sources, 
no  optical  efTcct  can  be  produced  by  any  system  of  reflecting  or 
refracting  optical  surfaces  moving  aa  a  rigidly  connected  S3*stem 
relatively  to  the  ether,  if  we  take  into  account  the  Dtippter  "effect," 
and  neglect  quantities  of  the  second  order  of  the  aberration.  Since, 
a.sStoke3  8Hys.the  theory  of  tiquieHcent  ether  may  l»e  di»|)en3ed  with, 
and  as  there  is  no  good  evidence  that  the  ether  moves  quite  freely 
through  the  solid  mass  of  the  earth,  he  propose*  to  explain  the 
phenomenon  of  aberration  on  the  undulation  theory  of  light,  upon 
tlie  supposition  that  the  earth  and  the  planets  carry  a  portion  of  the 
ether  tilongwith  them,  so  that  the  ether  close  to  their  surfaces  is 
at  rest  relatively  to  those  surfaces  and  diminishes  in  velocity  till  at 
no  great  distance  in  space  there  is  no  motion.  Cauchy  had  previ- 
ously discussed  the  theory  of  a  mobile  ether,  and  had  propoiiied  to 
explain  aberration  by  a  shearing  of  the  wave-fronts  due  to  the  trans- 
latory  motion  of  the  medium,  but  he  did  not  develop  his  method 
aufficLently  to  explain  how  much  the  aberration  would  be. 

On  the  other  hand  Stokes  has  specifically  indicated  his  assumptions 
and  formulated  his  conclusions.  He  examines  the  displacements  of 
a  wave-frr>nt  in  its  passage  from  the  ether  at  rest,  across  the  region 
of  transition  to  the  ether  in  the  neighborhood  of  the  observer,  which 
is  at  rest  relatively  to  htm.  Adopting  the  same  method  which  is 
used  in  the  case  of  an  ether  at  rest  in  determining  the  wave-front  at 
any  future  time  from  that  of  a  given  one  at  any  instant,  he  shows. 

'  If  7  is  the  velotilv  of  th«  ctUtr  ntlotivft  to  thn  moving  matter,  and  tho  4«M- 
Ity  of  othw  within  it  ia  ^',  the  dmsitv  of  free  ethw  twing  unity,  we  have  from 
tht  law  of  continuity  v  =  (r— r)>i'  and  hence. 
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on  the  one  condition,  rix.  that  the  motion  tiF  the  etbor  is  difTcrenlially 
iiTOt-ational,  Ihat  if  we  neglect  the  Mqujiro  of  the  al»errulion  «nd  of 
the  time,  the  change  in  direction  of  the  ray  rs  it  travels  along  is  nii, 
And  therefore  the  course  of  a  ray  is  a  straight  line,  notwithstanding 
the  motion  of  the  ether.  Following  out  the  annlysis  on  this  sup- 
position, a  body,  a  star  for  example,  will  appear  displared  toward  the 
direction  in  which  the  earth  is  moving  through  an  angle  equal  to  the 
ratio  of  the  velocity  of  the  earth  to  that  of  tight,  whrn  moving  normal 
to  the  star's  direction.  This  rectilinearity  of  propagation  of  a  ray, 
which  would  likely  seem  to  he  interfered  with  in  the  motion  of  the 
ether,  ts  the  tacit  assumption  made  in  explaining  aberration.  If 
the  phy»cal  causes,  in  con.se quence  of  which  the  motion  of  the  ether 
beconicn  irrotational,  could  Ik  adduced,  the  theory  of  Stokes  would 
sutiisfy  completely  ul;erration  and  the  negative  results  of  the  many 
sod  various  Rxpcrimcntal  invetitigatinna  which  have  thus  far  been 
made  and  whose  validity  is  unquestioned,  whether  in  refraction, 
interference,  diffraotion,  rotary  polarization,  double  refraction, 
induction,  electric  convection,  etc.  Jn  an  ordinary  fluid,  tangential 
forces  proportional  to  the  relative  velocities  destroy  the  Irrotational 
condition  in  a  steady  state  of  motion.  If  we  suppose  these  forces 
to  be  diminished  indefinitely  we  obtain  now  a  motion  totally  differ- 
ent from  that  for  the  steady  state  when  these  forces  are  assumed 
to  be  nljseut  initially;  and  hence  such  a  motion  would  be  unstable. 
When,  however,  tangential  fort-es  depending  on  relative  displace- 
ments in  the  ether  are  considered,  it  becomes  possible  to  explain  the 
irrotational  condition.  Any  deviation  from  this  state,  for  example 
at  a  surface  of  sliji,  would  be  dissipated  away  into  space  with  the 
velocity  of  light  by  means  of  transverse  vibrations.  He  illustrates 
such  apparent  incompatibilities  in  physical  states  by  successive 
dilutions  of  gelatine.  Such  a  medium  shows  elastic  tanpential  forces 
for  small  constraints,  and  yet  apparent  [luidity  for  motions  through 
it,  mending  itself  as  soon  as  dislocated.  He  regards  these  qualities 
as  consistent  and  self-suSicient  to  explain  the  phenomena  in  qties- 
ttOD.  Against  the  view  of  Stokes,  Lorentx  raises  objection  to  his 
assumptions  concerning  the  ether  motions  in  the  neighborhood  of 
the  earth,  wliich  he  considers  inconsistent,  a  difficulty  which  he  is 
!inable  to  set  aside.  Larmor  demurs  against  an  appeal  to  a  highly 
complex  medium,  such  as  pitch,  for  studying  the  behavior  of  a 
ample  one  like  the  ether.  A  time^rate  much  shorter  than  the  time  of 
relaxation  will  of  course  provide  approximat*  rigidity,  while  a  time^ 
rate  much  longer  will  provide  approximate  fluidity,  but  this  requires 
iocvitable  dissipation.  Tliis  objection  would  be  valid  for  a  viscous 
solid,  but  such  Stokea  apparently  did  not  have  in  mind. since  he  speci- 
fically proves  such  a  case  unstable.  A  solid  like  pitch  is  a  very  differ- 
ent type  of  solid  from  that  of  a  vesicular  solid  like  jelly.    An  etbflr 
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after  the  model  of  a  viaoou£  solid  would  always  contain  the  viscous 
terms,  bo  that  even  for  the  high  time-ratca  of  light-waves  there  would 
be  dissipation  however  small.  Such  a  condition,  it  can  be  proven, 
would  give  coloration  to  the  remote  members  of  the  stellar  system; 
a  fart  inconsislenl  with  observation.  On  the  other  hand,  a  soft  veaic- 
ular  solid  like  gelatine  may  not  necessarily  contain  the  lime-factor, 
and  yet  be  so  soft  that  dislocation  may  occur  even  with  constraints 
of  the  order  of  aberration,  but  not  of  the  square  of  that  order.  Such 
an  ether  without  a  time  o}  relaxation  factor  would  fulfill  completely 
the  conditions  of  a  luminiferous  ether,  if,  aa  Stokes  tried  to  show,  it 
could  Iw  reconciled  with  the  phenomena  of  aberration  and  the  motions 
of  the  heavenly  bodies.  The  method  of  double  refraction  shows  that 
&  solution  of  gelatine  of  one  part  in  a  thousand  is  rigid,  while  at  the 
same  lime  it  appears  as  mobile  as  water,  and  its  rate  of  flow  through 
email  tubes  does  not  vary  largely  from  the  same.  This  experiment 
illustrates  very  markedly  Stokes's  example.  When  such  a  solution 
is  continuously  dislocated  between  two  Burfaces  in  relative  motion, 
the  itame  double  refraction  is  present,  indicating  that  the  stress  is 
still  active  during  dislocation.  Also  a  metal,  like  copper,  shows  a 
similar  strcas  while  being  strained  beyond  its  elastic  limit.  If  this 
takes  place  by  elip  or  dislocation  throughout  the  mass  which,  though 
irregular,  may  give  a  mean  uniformity  for  sensible  dimensions,  such 
a  medium  might  serve  as  our  model-  Any  deviation  from  perfect 
regularity  in  molecular  distribution  and  activity  wc  might  nnticipate 
would  give  such  minute  irregular  dislocations  at  the  limit  of  elas- 
ticity. Such  a  medium  would  thus  transmit  completely  any  dis- 
turbance within  this  strain  limit. 

it  is  difiicult,  however,  to  conceive  of  the  transmissions  of  a  dis- 
turbance across  a  surface  of  dislocation.  For  many  ordinary  media, 
we  should  expect  at  such  a  surface  total  reflection.  If  we  suppose 
such  a  transmis-iion  of  disturbance,  its  mode  is  not  apparent,  even  it 
we  suppose  a  thin  lamina  in  rotational  motion  which  would  diffuse 
at  leiust  a  portion,  if  not  all,  of  the  incident  disturbance.  Similar 
difficulties  would  arise  if  we  assume  the  ether  a  solid  which  t>ecomes 
fluid  under  stress  and  thus  allows  bodies  to  pass  through  it  {ab,  for 
example,  through  a  block  of  ice,  as  Fitzgerald  suggested).  While 
such  solutions  may  seem  highly  artificial  and  do  violence  to  our 
convictions,  the  consequences  of  a  quiescent  ether  may,  when  fully 
developed  and  tested,  demonstrate  its  impossibihty  and  command 
a  more  extended  examination  into  the  structural  qualities  of  an  all- 
Eutficient  medium  than  the  single  case  of  an  essentially  vesicular 
medium  like  jelly  brought  forward  by  Stokes  and  in  a  different  form 
as  a  contractile  ether  by  Kelvin.  The  theory  of  Fresnel  of  a  quies- 
cent ether  in  space  presupposes  a  change  of  its  density  proportional 
to  /i'  within  a  ponderable  medium,  and  a  convection  coefficient 
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{l—p^v,  Tfcis  bypotheais  satisfiee  the  phenomena  of  aberratioa 
and  the  uniformity  of  the  laws  of  reflection  and  refraction  of  a  body, 
whether  in  motioa  or  at  rest,  and,  aa  already  mentioned,  does  not 
affect  interTeraace,  as  Stokes  showed,  so  far  as  the  earth's  motion  Is 
concerned.  That  the  ether  appareiitly  is  carried  along  within  moving 
matter  nob  with  ita  full  velocity,  but  dimiuiabcKl  tu  the  extent  indi- 
cated by  Freenel's  coeffi:cient  of  convection,  llzeau  demonstrated 
in  his  famous  interference  experiment  with  streaming  water,  repeated 
later  with  greater  refinemeat  by  A[ichelR)n  and  Morley.  The  aigni- 
fic&nce  of  this  experiment  in  its  bearings  on  the  question  of  the  drift 
of  the  ctber  has  perhaps  been  overeetimated.  In  fact,  neglecting  the 
square  of  the  aberration,  it  is  exactly  what  wesliould  expect  from 
the  dynamical  reaction  of  a  moving  material  system  on  a  periodic 
disturbance,  propagated  tiirough  it  without  reference  to  the  motion 
of  translation  of  the  interpenetrating  medium,  but  simply  to  the  fre- 
quency of  the  vibration  impressed  upon  the  system  by  this  ether. 
Thus  if  we  transform  the  ordinary  differentia]  equations  of  motion 
of  the  material  system  from  6xed  to  moving  axes,  the  form  of  the 
solution  contains  Fresnel's  convection  coefficient  as  a  factor  exactly, 
neglecting  quantities  of  the  second  order  of  the  aberration.  This 
experiment  cannot  then  be  adduced  as  a  positive  result  in  favor  of  a 
'  qaiesccnt  ether.  On  account  of  its  physical  consequences,  however, 
it  should  be  extended  to  the  ca^  of  gaaes  and  to  absorbing  substances, 
using  light  corresponding  to  the  natural  frequences  of  the  latter  if 
IKXKble.  Although  negative  results  have  heretofore  been  obtiuned 
vith  a  gas,  yet,  with  high  pressureB  and  greater  dimensiona  and 
velocities,  the  test  is  within  present  experimental  limitations.  Results 
vitb  solid  bodies  are  still  lacking,  but  a  preliminary  examination  of 
the  problem  encourages  us  to  expect  successful  results,  at  least  with 
doable-refracting  substances.  Reasoning  in  a  similar  manner  as  on 
the  dynamical  reaction  of  &  moving  system,  we  should  look  for  the 
I  tcceleration  of  a  circularly  polarized  ray  propagated  coaxially  within 
>■  rapidly  rotating  medium.  This  may  possibly  be  brought  within 
experimental  limits.  Again  we  have  the  important  experiment  of 
Lodge  on  the  effect  of  moving  masses  upon  the  motion  of  the  ether 
oeartbem.  Tliisexperiment,like  that  of  the  preceding  one  of  Fiteau, 
is  a  first  order  teat,  t.  e.  the  effect  to  be  observed  would  arise  from 
a  change  in  the  first  power  of  the  aberration  factor.  Two  interfering 
I  wera  sent  around  several  times  in  opposite  directiona  between 
two  rotating  steel  disks,  and  the  effect  on  the  bands  noted  from  rest 
to  motion  or  reversal.  With  a  linear  velocity  not  far  from  one  two- 
hundredth  that  of  the  earth's  orbital  motion,  and  a  distance  of 
l^tome  ten  meters  or  more,  no  influence  on  the  interfering  rays  could 
^be  detected,  thus  making  the  effect,  calculated  from  the  aberration 
factor  if  the  ether  were  carried  around  bctwoou  tbe  disks,  something 
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like  twice  the  limit  of  observution.  LoJge  estimates  from  this  experi- 
ment th&t  the  disks  must  h&ve  communicated  less  than  the  eight- 
hundredth  part  of  their  velocity  to  the  ether.  It  is  t*  be  noted  that 
the  masses  of  these  disks  were  not  great,  being  only  some  two  or  thrco 
centimeters  thick  and  about  one  meter  in  diameter.  If  we  suppose 
the  ether  to  be  set  in  motion  by  means  of  reactions  of  a  vincoiu 
nature,  the  experiment  would  be  conchisive.  To  this  extent,  that  the 
ether  is  not  viscous,  the  teet  seems  to  be  valid,  but  aa  theie  are  other 
modes  conceivable  by  which  such  movement  might  be  brought  about, 
it  is  not  conclusive.  If  now  we  ha%-e  to  give  up  the  notion  of  a.  quie* 
cent  ether,  it  will  be  neeessary  to  suppose  Buch  motions  are  engen- 
dered in  someway  depending  on  the  mass  of  the  movingsystem, which 
we  might  imagine  to  be  the  fact  in  the  case  of  the  earth  and  the  sur- 
rounding ether  (possibly  as,  Des  Coudres  suggests,  through  gravita- 
tional action).  It  would  be  desirable  to  repeat  this  experiment,  using 
great  masses,  and  also  testing  to  a  much  higher  degree  of  sensibility 
(the  third  order  would  be  poaaible)  by  means  of  double  refraetion. 
Miclielson  has  recently  attempted  to  determine  directly  whether  the 
velocity  of  the  ether  diminished  as  we  recede  from  the  earth,  but 
with  negative  results.  He  sent  two  interfering  rays  in  opposite 
directions  around  the  four  sides  of  a  rectangle  of  iron  piping  from 
which  the  air  had  been  exhausted,  the  same  being  in  a  vertical  east 
and  west  plane,  the  horizontal  length  nf  which  waa  '200  feet  and  the 
height  50  feet.  Afuuming  an  exponential  law  for  the  variation  in  the 
velocity  of  the  ether  as  we  renedc  from  the  earth,  he  finds  that  if 
the  earCh  carries  the  ether  with  it,  this  influence  must  extend  to  a  dis- 
tance comparable  with  the  earth's  diameter.  The  negative  result  in 
many  of  the  experiment's  on  rcfruotion  and  interference  which  differ- 
ent investigators  have  obtained  and  which  apparently  follow  on  the 
assumption  of  a  mobile  ether  have  been  usually  experiments  capable 
nf  giving  only  second  order  effects  instead  of  the  first  order  effectP 
looked  for,  which,  as  mentioned  above,  are  quite  as  consistent  with 
a  quiescent  ether,  as  Stokes  and  Rayleigh  have  shown.  Among  these 
may  be  mentioned  the  experiments  of  Ilock,  Ketteler,  MH-scart,  and 
others  on  Interference  in  ponderable  media,  over  opposite  patlis  rela- 
tively to  the  earth'smotion ;  as  also  those  of  the  two  latter  with  double- 
refracting  media.  Ail  of  the  experiments  were  first  order  tests,  and 
hence  should  give  negative  results  on  cither  theory,  since,  with  a  ter- 
restrial source  of  light,  the  phenomena  are  independent  of  the  orient- 
ation of  the  apparatus  neglecting  second  order  effects. 

The  positive  results  of  Fiseau  and  of  Angstrom  have  not  been 
confirmed  and  should  not  be  sertously  considered.  In  the  experimente 
of  the  latter,  the  variation  of  the  position  of  the  Frauenliofer  linos, 
as  obtained  by  a  grating  when  observed  in  directions  with  and  oppo- 
site to  the  earth's  orbital  motion,  has  never  been  noted  since,  beyond 
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the  anticipatod  duplacemcnt  calculated  from  tlie  purely  kinetical 
principle  of  Diipplcr.  The  experiments  of  the  former,  aii  a  finst  order 
t«8t,  on  the  rotation  of  the  piano  of  polarization  of  a  ray  after  paasing 
throu^  a  pile  of  plates  has  perhaps  offered  the  greatest  difficulty  to 
the  exponents  of  both  theories  in  reconciling  the  observations  with 
the  results  which  should  follow  from  each  theory.  In  this  expeti- 
ment,  performed  in  1859.  the  optical  systems  was  mounted  so  as  to 
be  rotated  about  a  vertical  axis  alternately  from  east  to  west,  or 
vke  vena,  TliU  system  consisted  of  the  uaual  polarizing  nicol  or  sen- 
sitive tint-system  and  analyzing  nicol  between  which  were  placed 
Mveral  piles  of  plates  and  compensating  systems  for  producing  the 
rotaUons  and  the  magnifying  of  the  same,  and  also  for  compensating 
for  the  rotary  dispersion  and  elliptic  polarization  of  the  transmitted 
light  which  was  polarized  in  an  azimuth  of  45°.  In  a  series  of  ob- 
ser\*ations  extending  over  some  time  the  mean  of  the  rotations  of 
the  plane  of  polarization  showed  a  maximum  excess  in  the  direction 
toward  the  west  at  noon  and  at  the  tiuie  of  the  solstice.  It  is  to  be 
noted  that  light  from  a  heliostal  was  rtiflected  into  the  system  alter- 
nately by  two  fixed  mirrors  when  the  system  was  rotated-  This 
required  an  interruption  and  readjustment  of  tlie  heliostat  during 
a  single  observation,  t.  e.  from  east  to  west  and  west  to  east^  the  dif- 
ference in  the  setting  of  the  analyzer  ia  the  two  positions  to  give  the 
same  field  of  view  being,  of  course,  the  effect  sought  for.  Fieeau 
refers  to  the  irregularitip.s  ari.Hing  from  Kuccessive  settings  of  Ltio  helio- 
stat. Ilie  calculated  effect  was  much  below  that  which  could  have 
been  olwerved  directly  with  the  uaual  polarizing  system.  To  magnify 
any  such  efiFect,  a  second  system  of  plates  was  used  whiuh  gave  an 
aniplificatiunashighaseightytimes.  Thus  any  residual  rotation  from 
whatever  cause  would  receive  the  corresponding  amplilications.  Now, 
in  experiments  with  polarizing  systems  using  sunlight  as  a  source  uf 
illumination,  it  has  frequently  been  noted  that  any  shift  in  the  direc- 
tion of  the  light  through  the  apparatus,  either  due  to  a  change  in  the 
direction  of  the  beam  (arriving,  say,  frnm  the  helin»tut)  or  to  a  shift 
in  the  optical  system  itself,  i)roduced  a  change  in  the  field  of  view, 
whether  with  a  balf-shadc  system  or  otherwise.  In  the  former  the 
match  was  destroyed,  the  chango  being  of  an  order  much  greater 
than  that  which  Kizeau  anticipated  from  calculation.  Further,  with 
such  limited  beams  of  light,  n  mere,  shift  of  the  eye  may  produce 
an  effect  of  similar  magnitude.  Hence,  in  all  polariscopic  experi- 
ments where  sunlight  is  used,  it  is  absolutely  essential  that,  during 
any  single  observation,  the  ray  of  light  pass  through  the  systcui  and 
into  the  eye  over  exactly  the  eam^e  path.  This  l-'izcau  failed  to  carry 
out,  and  this  is  entirely  sufficient  to  explain  the  ven,-  great  discrepan- 
cies in  bis  various  series  of  observations,  and  probably  the  apparent 
coastaut  difference  in  the  results  of  his  settings  in  the  two  directions. 
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In  fact,  Fiz«au  himself  has  stated  &nee  that  his  observations  were 
not  absolutely  decisive.  Wliile  the  test  is  now  probably  within  ex- 
perimental limits  with  tlio  more  highly  refined  half-shade  systemB, 
other  modes  of  expeiimeoting  on  different  optical  principles  with 
greater  sensibilities  have  given  negative  reeulta,  thus  dispro^-ing  the 
esiatence  of  a  phenomenon  which  Fizeau's  experiment  apparently 
established,  and  making  a  repetitioD  of  this  experiment,  which  is  of 
doubtful  execution,  unnecessary. 

The  effect  of  the  motion  of  a  natural  rotative  substance  through 
the  ether  on  the  rotation  of  the  plane  of  polarization  is  of  considerable 
importance  in  its  bearings  on  certain  controverted  points  lu  some  of 
the  recent  theories  of  a  quiescent  ether.  Mascart,  who  first  studied 
the  problem  in  the  cose  of  quarts,  was  unable  to  detect  any  differ- 
ence in  the  rotation  when  a  my  was  propagated  in  and  against  the 
direction  of  motion  of  the  earth.  This  variation  in  the  total  rotation, 
which  he  could  detect,  was  one  part  in  20 ,000,  or  one  part  in  40,000  on 
reversal.  This  experiment  as  thus  carried  out  corrpsponds  to  a  first 
order  effect,  Rayleigh  quite  recently  has  repeated  this  cx[)crimcnt 
with  a  sensibility  five  times  as  great,  and  obtained  negative  n^ults, 
likewise.  The  impossibility  of  obtaining  quartz  in  suficicnt  quantity 
and  purity,  or  natural  rotary  liquids  of  sufficient  power,  to  attain  the 
extreme  limit  of  polariscopic  possibilities  seems  to  make  even  an 
approximation  to  a  second  order  effect  entirely  improbable,  althou^ 
the  higher  frequencies  might  be  used,  where  the  power  may  be  ten 
times  as  great.  On  the  other  hand,  the  effect  of  the  mechanical 
rotation  of  such  a  medium  on  the  circular  components  is,  however, 
probably  not  beyond  experimental  poBsibilities  in  polariscopic  work. 

On  the  elifrctrica!  side  several  first  order  experiments  have  been 
made  wlueh  likewise  have  given  negative  results.  Des  Coudres  has 
attempted  to  determine  the  difference  in  the  induction  on  each  of 
two  coils  placed  symmetrically,  with  respent  to  a  third  coaxial  coil 
between  them.  On  compensating  for  the  effects  of  each  on  the  galvan- 
ometer when  the  axis  of  the  system  was  in  the  direction  of  drift,  and 
then  reversing  the  direction  of  the  system,  no  influence  on  the  gal- 
vanometer could  be  observed.  The  effect  which  should  be  observed 
corresponds  to  the  second  order  of  the  aberration.  However,  without 
compensating  factors,  the  theorj-  of  induction  phenomena  shows 
that  second  order  effects  should  be  looked  for  in  systems  moving 
through  the  ether.  The  same  may  be  said  of  other  electrical  exper- 
iments. 

The  difficulties  in  formulating  a  theory  which  will  explain  the 
results  of  all  experiments  involving  tests  to  the  first  order  of  sensi- 
bility only  on  the  assumption  of  either  a  quiescent  or  a  convected 
ether,  are  much  easier  met  than  when  second  and  higher  orders  have 
to  be  taken  into  consideration.    Here  we  find  what,  at  first  right. 
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l^pmi  as  rather  startling  assumptioDs;  but  it  is  ooly  in  tbis  man- 
ner that,  present  observational  facts  can  be  reconciled  with  &  quies- 
cent ether.    With  each  advance  in  experimental  rehnement,  theory 
has  had  to  adapt  itself  by  the  adoption  of  new  hypotheaes.   This  has 
now  be«Q  done  up  to  second  order  phenomena  for  a  quiescent  ether. 
Thus  far,  however,  no  hypothesis  has  been  brought  forward  to  adapt 
BpeeiGeally  the  theorj-  of  a  q  uiesaent  ether  to  observations  which  have 
already  be*D  carried  up  to  the  third  order  of  the  aberration  constant. 
The  first  second  order  experiment  was  carried  out  by  Michelson 
and  Morley,  and  was  an  optical  test  in  whicli  the  method  of  interfer- 
ence of  two  rays  pacing  over  patha  mutually  at  right  angles  to  one 
another  was  u£ed.    Ulie  apparent  intent  of  the  originators  of  tlus 
(experiment  was  initially  to  look  for  a  hrst  order  change  in  the  aberra- 
tion factiir  by  means  of  a  second  order  interference  effect.   The  diffi- 
culty in  reconciling  the  negative  results  of  tliis  test  has,  however, 
given  rise  to  hypotheses  involving  second  order  dimensional  factors, 
t(0  that  from  this  [joint  of  view  it  becomea  a.  second  order  experiment, 
It  could  not,  however,  show  a  tirat  order  change  in  the  velocity  of  the 
moving  system,  which  latter,  referred  to  the  velocity  of  light,  is  taken 
as  a  magnitude  of  the  first  order,  and  hence  the  former  change  would 
count  as  a  second  order  magnitude.    In  this  experiment  the  entire 
system  was  mounted  on  a  finat  so  that  the  optical  system  could  be 
rotated  consecutively  through  rH  quadrants  of  the  circle  while  the 
interference  bands  were  being  continuously  observed.    If  now  the 
difference  in  time  of  passage  of  one  of  the  rays,  say  along  the  line  of 
drift,  and  the  other  at  right  angles  to  it,  is  calculated  on  the  basis 
of  a  mo\ing  elher,  we  find  it  to  be  equivalent  to  the  time  of  passage 
over  a  length  corresponding  to  a  diminution  of  this  length,  in  the 
direction  of  drift ,  proportional  to  the  square  of  the  aberration,  Tlieir 
results  show  that  had  there  been  an  effect,  it  must  have  been  probably 
nztecn  times,  certainly  eight  times,  less  than  that  calculated.    It  is 
understood  that  Morley  and  Miller  will  soon  report  as  the  result  of 
■  repetition,  during  the  present  year,  of  ihia  experiment  on  a  much 
Ui^r  scale,  that,  if  there  is  any  effect,  it  must  be  one  hundred  times 
less  than  the  calculiitetl  value.    This  result  is  entirely  consistent  with 
a  moving  ether,  but  SL-emlngty  contradictory  to  a  quiescent  ether, 
U  proposed  by  Ftesnel.   Apparently,  then,  either  some  condition  in 
the  fundamental  hj'pothesis  of  such  a  medium  has  been  overlooked, 
or  a  Bupplementary  hypothesis  must  be  imagined.  Similar  hyptithescs 
were  conceived  of  by  both  Lorenta  and  Fitzgerald  independently, 
shortly  after  the  publication  of  the  experiments  of  Michelson  and   . 
Morley  in  18S7.    They  assume  that  a  contraction  in  the  direction  of 
notion  takes  place  in  a  system  moving  through  the  ether,  so  that  this 
dimension  is  reduced  by  a  fraction  of  itself  equal  to  one  half  the 
•juare  of  the  constant  of  aberration.   This  of  course,  as  an  assump- 
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tion,  merely  suggcata  a  compcnsfition  to  meet  an  apparent  residual 
effect,  and  would  he  of  no  significanpc  if  it  were  imfH»«iihle  to  incor- 
porate such  u  conditicin  into  a  cnmiRtpnt  theory  nf  Rthereal  action. 
This  has  been  done  by  Lorentz  and  by  Larmor  in  their  theories  of 
moving  syHtcins.  LorentE,  who  was  the  first  to  develop  a  satbifactory 
th(H>rj'  of  a  quirscKni  ether,  assumrs  that,  in  all  electrical  and  optical 
phenomena  taking  place  in  ponderable  matter,  we  have  to  deal  with 
charged  particles,  free  to  move  in  conductors,  but  confined  in  dielec- 
trics to  definite  positions  of  equilibrium.  Iliese  pnrtieles  arc  perfectly 
permeable  to  the  ether,so  that  they  can  move  while  the  ether  remains 
at  rest. 

If  now  we  apply  the  ordinary  electromagnetic  equations  of  a  system 
of  bodies  at  rest  to  a  system  having  a  constant  velocity  of  tranala- 
tion  in  addition  to  the  velocities  of  its  elements,  the  ether  remaining 
at  rest,  the  displacements  of  the  electrons  arising  from  the  electrie 
vibrations  in  the  cllicr  and  the  electric  and  magnetic  forces  arc  the 
same  functions  of  the  new  system  of  parameters  as  for  the  case  of 
rest,  if  we  neglect  qimntities  of  the  second  order  of  the  aberration. 
This  theorem  assumes  that  the  distance  of  molecxilar  actJon  is  con- 
fined to  aucii  excessively  small  distances  that  the  difference  in  their 
local  times  would  have  no  effect.  An  exception  to  this  may  be  found 
in  a  rutary  substance  like  quartz  which,  aa  mentioned  above,  has 
been  ejtaniined  by  Maseart  and  Flayleigh  to  the  first  order  with 
negative  results,  wbieh  seems  to  warrant  the  conclusion  that  the 
molecular  forces  are  thems(^tv(«  altered  by  tranaUition.  lliis  theory 
of  Lorentz  seems  capable,  then,  of  explaining  the  uniformly  negative 
results  of  all  the  first  order  testa  wliich  have  been  described  previously, 
without,  however,  necessarily  estHbliehing  it  finally,  since  we  have 
not  y<-t  studied  its  adaptability  to  second  and  higher  orders  of  the 
aberration. 

The  suggestion  of  a  contraction,  as  stated  above,  lends  itself  in 
a  similar  manner  and  under  like  rcstrtcticms  to  that  for  the  first  order 
transformation.  This  rcijuirea  tlw  introduction  of  a  second  coefficient 
differing  from  unity  by  a  quantity  of  the  second  order  aa  did  the 
coelTiciL'iit  uimhI  in  the  firnt  transformation,  hut  differing  from  the 
latter  in  that  it  is  left  indeterminate  from  the  fact  that  there  are  no 
means  as  yet  for  giving  it  a.  definite  value.  Intniducing  these  new 
parameters  we  aKBin  obtain  a  .set  of  eciuations  iu  wliich  the  velocity 
of  translation  does  no^t  explicitly  appear.  Such  a  movii:g  system 
has  therefore  its  correlate  in  a  system  at  rest,  the  former  having 
clianged  into  the  latter  through  the  a.ssumed  contraction  the  moment 
motion  begins.  The  occurrence  of  these  coelhcients  as  factors  in  the 
electric  forces  and  the  accelerations  arising  from  the  electric  vibra- 
tions in  the  ether  in  the  cxpre&sion  for  the  com'-spondiug  system  ot 
rest,  neoesaitatcs  that  if  the  degree  of  lumilarity  required  Is  to  exist 
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in  the  two  systems,  the  elertrons  must  ha%'e  difTerent  masses  depeod- 
ing  on  whrther  their  vibrations  are  parallp)  or  perpendicular  to  the 
velocity  of  translatioD.  This  stftrllinie  eonclusioa  of  Lorentz  is  borne 
out  by  what  we  now  know  of  the  dependence  of  the  effective  mass 
nf  an  electron  upon  what  is  taking:;  place  in  the  ether.  Such  an  hypo- 
thesis »s  this  would  require  that  Michelaon  and  Morley's  experiment 
should  always  give  a  negative  result. 
^Of  electriral  experiments  on  the  drift  of  the  ether  we  have  one 
md  order  test  carried  out  very  recently  by  Trouton  at  tlie  sugges* 
UoDoF  the  late  Professor  Fitzgerald.  The  latter,  reasoning  on  the  con- 
dition of  a  magnetic!  field  produced  by  a  charged  condenser  moving 
edgewise  to  the  drift  of  the  ether,  and  the  consequent  addilional 
supply  of  energy  of  such  a  system  on  charging,  thought  that  this 
might  produces  mechanical  dragon  charging  and  an  opposite  impulse 
on  discharging,  jiiet  88  might  occur  if  the  mass  of  earth  were  to 
become  suddenly  greater.    This  experiment  waa  carried  out  in  the 
form  of  a  condenser  mounts  upon  an  arm  earriod  by  a  di>ticat«  sus- 
pension, with  negative  results.     A  second  and  more  sentiitive  teal 
was  made  later  in  a  modified  form  by  Trouton  and  Kobte.    Since, 
edge  on  to  the  drift,  we  have  a  magnetic  field,  while  at  right  angles 
it  vaoiahefiithe  energy  will  var)-  with  the  asimuth,  and  we  shall  have 
a  maximum  in  an  asimuth  of  4.5°.    A  delicate  euspeosioa  carrying 
the  armature  of  a  condenser  showed  no  movement,  although  the 
calculated  effect  was  ten  times  the  limit  of  obHprvation.  The  negative 
lonilts  of  these  experinient«  may  be  accounted  for  on  Uke  assump- 
tions with  that  of  the  Michelaon  and  Morley  experiment,  namely 
a  contraction  or  change  in  the  dimension  of  the  condenser  pro- 
ducing corresponding  changes  in  density  and  potential  difference  of 
the  charge. 

The  assumption  of  a  contraction  suggests  at  once,  from  what  we 
know  of  trao-sparent  media,  the  anisotropic  state  which  such  media 
are  thrown  into  under  dimensional  strain.  Rayleigh  haa  examined 
lliis  question  in  the  case  of  water,  carbon  disulphidi*.  and  glass  with- 
out result.  In  the  case  of  glass  his  sensibility  was  strvcral  times  the 
**lctilalcd  second  order  effect,  and  much  more  in  ease  of  liquids. 

The  degree  of  refinement  to  which  the  polariscopic  test  lends 
itaelf  Li  perhajw  Iwyond  that  of  any  other  instanee  in  physical  appli- 
cation. Here  then  is  an  opportunity  to  examine  the  qucotiim  beyond 
what  theory  has  anticipat(?d,  and  the  test  ha«  been  carrieil  so  as  to 
reach  safely  a  third  order  effect,  with  negative  results.  The  experi- 
ments as  performed  by  the  writer  coiiaisted  in  sending  a  beam  of 
sunlight  plane  pol8ri7.ed  at  45*  to  the  horison,  through  28-56  meters 
of  water  in  a  horizontal  direction  and  examining  the  same  by  a  sen- 
sitive elliptic  analyzer.  On  rotating  the  entire  system  from  the  me- 
ridian,where  the  one  component  of  vibration  to  the  drift  was  parallel 
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and  the  other  perpendicular,  into  a  plane  at  right  angles  to  the  mer- 
idian where  both  components  would  be  at  right  snglea  to  Ihc.  drift, 
and  therefore  where  no  differential  effect  would  be  prodxiced,  no 
change  in  the  field  of  view  could  be  detected.  Had  there  been  a 
total  difference  of  7.8X  10~"  of  the  whole  velocity  between  th©  com- 
ponents, the  effect  would  have  been  mnnifest.  We  may,  therefore, 
conclude  that  there  is  no  third  order  effect.  IIow  well  the  various 
theories  of  a  quiescent  ether  will  lend  themselves  to  this  further 
adaptation  remains  to  be  seen,  but  undoubtedly  by  properly  choosing 
the  coefficients  it  may  be  done;  however,  any  theory  which  does  not 
Qontain  expticitly  the  exact  and  complete  adaptation  to  all  ordens  of 
the  aberration  muet  certainly  impress  itaclf  as  Iiighly  artificial  in  its 
Buccesstve  auxiliary'  hypotheses  and  approximations. 

Larmor,  in  reference  to  his  theory,,  says,  "It  is,  in  fact,  found  that 
the  Maxwellian  circuital  equations  of  lethereal  activity,  in  the  am- 
bient atther  referred  to  axes  moving  along  with  the  uniform  velocity 
of  convection,  v,  can  be  reduced  to  the  same  form  as  for  axes  at  rest 

up  to  and  including  (  ^  )  but  not  (  r-  ]  hy  adoptinR  certain  coeffi- 

cienta."  "If,  then,  matter  is  for  physical  purposes  a  purely  jethereal 
ayatem,  if  it  is  constituted  of  simple  polar  singularities  or  electrons, 
positive  and  negative,  in  the  Maxwellian  jether,  the  nuclei  of  which 
may  be  either  practically  points  or  else  smaLl  regioiiS  of  aether  with 
internal  connections  of  pure  constraint,  the  propositions  above  stated 

for  the  first  order  are  extended  to  the  second  order  of  t,  with  the 

single  addition  of  the  Fitzgerald-Loreutz  shrinkage  in  the  scale  of 
space  and  an  equal  one  in  the  scale  of  time,  which,  being  inotropic, 
is  unrecognisable."  "On  such  a  theory  as  this  the  criticism  presents 
iUmif,  and  was  in  fact  at  once  made,  that  one  hypothesis  is  needed 
to  anntil  optical  effects  to  the  first  order;  that  when  these  were 
found  to  be  actiuLJIy  null  to  the  second  order,  another  hypothesis 
had  to  be  added:  and  that  another  hypothesis  would  be  required  for 
the  third  order,  while  in  fact  there  was  no  reason  to  believe  that  they 
were  not  exactly  null  to  all  ordcra.  Buch  a  train  of  remarks  indicates 
that  the  nature  of  the  hypothesis  has  been  overlooked.  And  if  indeed 
it  could  be  proved  that  the  optical  effect  is  null  up  to  the  third  order, 
that  circumstance  would  not  demoliah  the  theory,  but  would  rather 
point  to  some  finer  adjustment  than  it  provides  for;  nee<lles8  to  say 
the  attempt  would  indefinitely  transcend  existing  experimental  posd- 
bilities."  And  further,  "up  to  the  first  order  the  electron  hypo- 
thesis, that  electricity  is  atomic,  suffices  by  itself,  as  Lorentz  was 
first  to  show,"  "  Up  to  the  second,  order,  the  hj-pothesis  that  matt«' 
is  constituted  clectricjilly  —  of  electrons  —  is  required  in  addition." 
The  necessity  in  view  of  the  present  experimental  data  for  leaving 
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indetenniiiate  the  iimta  of  tnmsformation  is  here  illuBtrated  in  the 
theory  of  Larmor. 

In  the  moat  recent  diBcusdon  by  Lorentz,  the  necessity  of  a  general 
treatment  is  shown  for  not  only  the  second  but  also  the  higher  orders. 
In  a  consideration  of  transparent  media,  his  theory  attempts  to  show 
that  translation  would  not  alter  interference,  diffraction,  or  polar- 
isation. He  would  thus,  by  means  of  the  assumption  of  so-called 
"Heaviside  ellipsoids"  as  the  shape  of  electrons,  explain  the  negative 
results  of  optical  experiments,  as  well  as  the  observations  of  Eauf- 
mann  on  Becqueret  rays. 

Attention  should  i^o  be  called  to  the  recent  theory  of  Abraham, 

wbopves  as  the  ratio  of  the  axes  of  the  moving  electron  l  —  -^(:^):  1, 
omitting  fourth  and  higher  orders.  This  would  give  a  residual  in 
double  refraction  of  -=(  j=  ]  —  2X 10  ~*  for  transparent  media,  which 


he  acknowledges  is  difficult  to  reconcile  with  the  experimental  results 
which  show  no  double  refraction  to  the  first  order  beyond  this. 
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The  remarkable  fertility  shown  by  the  npw  icira,  baecd  on  thp 
cxperinipntal  fact  of  the  discontinuoua  cfirpusciilnr  structure  of 
electrical  chargea,  appoare  to  be  the  most  striking  characteristic  of 
tie  recent  progresa  in  electricity. 

The  consequences  extend  ilirough  all  parts  of  the  old  physics; 
fspceialty  in  elcctroma^notisiu.  in  optics,  in  radiDnt  heat:  ihey 
thrtnv  a  new  light  even  on  the  fundamontal  ideas  of  the  Nt-wtoiuan 
mechanics,  and  have  revived  the  old  atomistic  ideas  ami  caused 
them  to  be  lifted  from  the  rank  of  hypothesca  to  that  of  principlcfl, 
owing  to  the  proper  relation  which  the  laws  of  ek'Ctroly.tia  have 
eitabiished  between  the  discontinuoufl  structure  of  matter  and  that 
of  eleetricity. 

Without  seeking  here  to  run  tbrnugh  the  whole  field  of  tbrir  appli- 
cations, I  hope  to  indicate  upon  what  aoiid  fuundations,  both  experi- 
mental and  theoretical,  rests  at  present  the  notion  of  the  electron  so 
fundamental  to  the  new  physics;  to  indicate  the  points  which  sfecm 
to  require  more  complete  light,  and  to  ehow  how  vast  is  the  synthesis 
which  wo  can  hope  to  attain,  a  ajiithests  whoHe  main  lines  only  are 
fixed  tt>-dfty. 

Under  actual  and  provisional  f«riii,  this  synthesis  constitutee 
an  admirable  instrument  of  research,  and  owing  to  it  the  qucstioiis 
extend  inalldireclionB.  Ther*  in  there  a  Itind  of  New  America,  full  of 
wealth  yet  unknown,  where  one  can  breathe  freely,  which  invites 
all  our  activities,  and  which  can  teach  many  things  to  the  Old  World. 
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I.    The  Electromagnetic  Ether 

(1)  Fiflds  and  Chargte.  One  con  say  that  the  combined  efforts  of 
Faraday,  Maxwell,  and  Hertz  have  reRuIted  in  giving  us  a  precise 
knnwledge  of  the  jimpcrtit'S  nf  tlu*  f-Wt rnmiigiictio  ethrr,  tind  of 
light;  of  a  mrdiuni,  homngemtiiw  and  void  of  niattrr,  whoiii;  stute 
18  complnticly  dcHncd,  with  the  exception  of  cavitation,  when  vsj 
know  at  any  point  the  direction  and  magnitude  of  the  electric  and' 
magnetic  fields. 

1  insist,  for  the  present,  on  the  possibility  of  arriving  at  a  concep- 
tion of  RpIiIb  of  force,  as  well  as  the  related  idea  of  eleetric  chaises, 
independently  of  all  dynamics;  I  wish  hy  this  w  imply  only  a  know-  ■ 
ledge  of  the  laws  of  motion  and  of  matter,  | 

Thp  two  (icldfi  posscHs  this  property,  that  their  divprgencp  in  zero  in! 
ail  parts  of  the  ether;  that  i^  t^i  say,  the  flux  of  elotitric  and  mag- 
netic force  is  rigorously  zero  across  a  closed  surface  which  docs  not 
eontftin  any  matter  in  its  interior.  It  is  in  fact  always  matter  in  the 
ordinary  sense  of  the  word  whieh  contains  and  esn  furnish  the  electric 
charges  around  which  the  divergence  of  field  exists  whose  dineetion. 
varies  with  the  sign  of  the  charges. 

In  extreme  cases  where  the  electric  charges  appear  to  be  moet 
completely  separated  from  their  material  support,  as  in  the  case 
of  the  cathwle  rayti  for  example,  the  exporimental  fact  of  the 
granular  structure  of  theue  rays  and  the  complete  indestructibility 
of  their  charge,  the  fact  finally  that  eathodic  particles  are  chargea 
possessing  the  fundamental  property  of  matter,  inertia,  and  expe- 
riencing acceteration  in  tlie  electromagnetic  field,  these  fiwts  do  not 
allow  us  to  di^^tinguieh  their  charge  from  the  ao-called  free  charge 
of  ordinary  electrified  matter. 

Furthermore,  we  sliall  ecime  to  the  idea  not  only  that  there  can  be 
no  electric  charge  without  matter,  but  that,  in  fart,  there  can  be  no 
matter  without  electricity,  an  aggregation  of  electrical  centres  of  the 
two  kinds.  Electrons,  analogous  to  the  cathode  particles,  possess 
almost  all  the  known  propiTties  of  matter  by  the  fact  alone  that 
these  centres  are  electrified.  We  shall  sec  within  what  limits  this  oon- 
eeptiou  can  be  considered  sufficiently  known,  and  if  it  ia  necesBary  to 
superimpose  other  pro[H?rties  on  thn**  which  rt-sult  fnim  electrically 
charged  centres  in  order  to  obtain  a  satisfactory  representation  of 
matter;  the  ctheralone,  on  the  contra  rj-,  never  contains  any  electrieity. 

If  experiment  obliges  us  to  admit  the  existence  of  electric  charges, 
positive  and  negative,  from  the  flux  of  electric  force  dilTerent  from 
zero  across  a  closed  surface  drawn  entirely  in  the  ether  and  con- 
taining matter,  it  is  otherwise  for  the  magnetic  (icid.  Experiment 
has  never  funushed  an  instance  where  a  closed,  surface  drawn  in  the 
ether  was  traversed  by  a  magnetic  field  different  from  ecro.    One; 
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intcrtwting  phenomenon  observed  recently  by  P.  Villard  in  ihe 
effect  of  an  intense  magnetic  field  on  the  production  of  the  cathode 
rsy8,  appears  w  reeoivo  a  simplL-  explanation  in  the  liyijoihrnis  of 
free  mofrnctic  chaises;  but  it  is  not  certain  that  thiu  hypothesis  ia 
neoewary. 

{3>  The  Equations  of  Htrts.  The  two  fields,  electric  and  magnetic, 
of  which  the  ether  can  be  the  aeat,  are  related  to  one  another  in  such 
a  manner  that  one  of  them  can  exist  only  on  the  condition  thai  the 
oih^r  vahen:  all  varialionu  of  an  electric  field  produce  a  magnetic 
fidd;  it  is  the  dtaplacpment  current  of  Maxu-L>ll:  and  ail  variations 
of  t]i«  magnetic  field  produce  an  electric  field:  this  ii  llie  phenome- 
non of  induction  discovered  hy  I'araday.  Tlie»o  two  relations  are 
exprreeed  by  Herts's  equations;  they  sum  up  completely  our  know- 
ledge of  the  electromagnetic  medium,  and  from  these  it  resulta  that 
all  disturbances  of  this  medium  are  propagated  wilh  the  velocity 
of  liglit.   Hcrti  had  the  glory  of  proving  this  fact  exiierimentally. 

(3)  Energy.  Wi*  can  now  say  that  the  t'lher  is  ihe  seat  of  two 
distinct  forms  of  energy,  llit-  electric  and  the  ma|j;nelic.  capable  of 
transformation  from  the  one  into  the  other,  but  only  through  matter 
SI  «n  intcrmediarif,  that  is  to  say,  by  means  of  Iht  drclrijied  centra 
which  it  contaiM, 

In  the  ether  alone,in  fact. in  the  free  radiation  whi^h  it  propagates, 
the  electric  and  magnetic  finlds,  Iraiisvi-rw  with  mff^et  In  the  direc- 
tion of  propagation,  rBpreaent  al«a>*s  equa.1  energies  in  eaeh  eli'inent 
of  volume,  without  iiscillation  of  the  encrgj*  fnim  one  form  to  the 
other.  In  the  presence  of  matter,  on  the  other  hand,  the  electric 
eacrg>*  can  exist  alone,  and  it  is  the  motion  of  electrified  centres 
which  allows  the  transformation  into  magnetic  energy,  and  vice 
ftraa.  Afatter  only  can  bf.  the  source  af  radiation. 

It  ia  necessary,  to  the  two  precerling  forma  of  energy,  to  add 
gravitation,  which  c(irn'S{M)nd.s  pmhuhly  in  a  third  mode  of  activity 
of  the  elher.  whose  connection  with  the  two  others  in  atill  obscure. 

t  insist  here  on  the  point  that  the  principle  of  equivalence  of  vari- 
ous forms  of  enprg>-,  sh  far  as  the  process  allows  of  measurement. 
Can  be  attaim-d  independently  of  all  dynamical  notions,  by  the 
process  nf  using  solely  material  systems  in  ec)uilibrium. 

One  can  fijid  some  information  on  this  subject  in  a  recent  exposi- 
tion by  M.  Perrin.' 

(4)  The  Theory  of  Lortmt:.  The  ether  being  thus  completely 
known  to  us  from  the  electromagnetic  and  optical  point  of  view,  the 
problem  which  follows  a.i  a  continuation  nf  the  work  of  Maxwell  and 
of  Hertz  is  that  of  the  connection  between  ether  and  matter,  inert 
matter,  the  source  and  reeipienl  of  the  radiations  which  the  ether 

'  l.PtniR,TraiUdechiniitPk*/nqut.   Let  Prineipe*.   Qnuthier-VUlars,  Puris. 
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transmiU.  The  connection  souglit  for  U  furnished  us  Ijy  tbo  electron 
or  corpuscle,  an  electrical  centre  movable  with  respecl  to  the  ether, 
and  carrying  with  it  lis  divergent  electric  field. 

This  was  the  fundaniental  idea  which  caused  Lorents  to  conceive 
of  the  possibility  of  a  relative  diaplacemeni  of  electrified  centres  of 
divergence  of  the  eWtric  fitld,  and  of  the  ether  eoimidered  as  im- 
movable. Tliis  displacemynt  takes  place  without  any  change  in  the 
amount  of  the  eharge,  that  is  to  say,  that  the  surface  wliich  is  dis- 
placed ill  the  ether  with  the  electron  is  crossed  by  an  electric  flux 
which  is  completely  invariable.  It  is  the  fundamental  principle 
of  the  conservation  of  electricity,  which  will  perhaps  absorb  the 
principle  of  the  oonservation  of  matter,  as  we  cannot  have  matter 
without  electrieity.  It  is,  howe%'er,  probable  that  electricity  alone 
is  not  suDitiieiit  to  conalitute  matter. 

We  have  actually  no  very  precise  information  of  the  relative  dis- 
placement of  charges  and  of  the  ether,  of  electrified  centres  in  an 
immovable  medium,  no  tangible  form  under  which  we  can  conceive 
it.  The  attempts  which  have  thus  far  been  made  to  obtain  a  concrete 
rppreBcntaUon,  in  onler  to  give  a  material  structure  to  the  ether,  have 
all  been  sterile  uf  results.  Perhap.s  there  in  a  difficulty  which  belongs 
to  the  actual  conatitution  of  our  mimla,  habituated  by  our  secular 
uvolutiou  to  think  through  matter,  unable  to  form  a  concrete  repre- 
sentation which  is  not  material;  also  it  seems  scarcely  reasonable  to 
seek  to  construct  a  simple  medium  such  aa  the  ether  by  connder- 
ing  it  to  spring  from  a  complex  and  various  medium  like  matter. 
I  believe  it  will  be  necesssary  to  think  eOier,  to  conceive  of  it  inde- 
pendently of  a51  material  representations,  by  means  of  those  electro- 
magnetic properties  which  put  us  in  cnntact  with  it.  I  will  return 
to  this  point  later  in  refen'nce  to  the  mechanical  theorirs  of  the  ether. 

If  the  electric  charge  is  assumed  to  have  a  volume  distribution 
in  a  portion  of  the  medium,  the  principle  of  the  conservation  of  elec- 
tricity, and  also  the  poRsibility  of  relative  displacement  of  electricity 
and  ether,  makes  it  necessary  for  us,  in  this  portion  of  space,  to 
modify  the  equations  of  HcrtJ:  relative  to  the  displacement  current 
by  tile  addition  of  a  ronvection  current,  a  ncceasttr>-  consequence  of 
the  existence  of  a  displacement  current  connected  with  a  motion 
of  charges,  and  impEying  the  production  of  a  magnetic  field  by  the 
motion  of  eieetritied  bodies  across  the  medium.  This  consequence  of 
Hertz's  equations  has  now  ircceived  complete  experimental  con- 
firmation. 

Moreover,  the  experimental  facts  impose  on  these  movable 
charges  a  discontinuous,  granular  structure,  and  lead  to  the  idea 
of  the  electron  as  a  singular  region  of  the  ether,  carrying  a  charge 
equal  to  that  of  the  hydrogen  atom  in  electrolysis,  hut  of  different 
sign,  and  titstributed  on  the  surface  or  in  the  volume  of  the  electron 
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Mtording  as  the  intensity  of  the  olectric  field  is  supposed  to  present, 
or  nat.  a  discontinuity  when  it  crosses  the  surface  which  limits  the 
volume  occupied  by  the  electron.  Inertia,  of  electromagnetic  origin, 
which  we  are  about  to  refer  to  a  smilar  centre,  is  opposed  also,  under 
the  diflicully  of  its  becoming  Jntinlte.  to  the  hypothesis  of  a  finite 
electric  charge  condensed  in  a  point  without  exteojsion. 

The  various  considerations,  more  and  more  precise,  all  converging 
toward  this  notion  of  the  atomic  structure  of  charges,  form  the  start- 
ing-point of  all  recent  works  on  electricity. 

n.    The  Atom  o}  EltctricHy 

(6)  The  Electron.  The  remarkable  laws  of  electrolysis  discovered 
by  Faraday  estahluih  an  intimate  and  necesiury  connection  between 
(be  atomic  structure  nf  matter  and  that  of  electricity.  They  were 
BufGcient  tn  lead  Hetmholtz  h>  conceive  the  latter  as  conKlitutcd  of 
distinct,  indivisible  portioiw,  elements  of  rhar^,  ail  identical  from 
the  jjoint  of  view  of  the  quantity  of  electricity  which  they  carry,  and 
differing  only  in  the  sign.  This  elementary  charge  is  equal  to  that 
carried  by  a  monovalent  atom  or  radical  in  electrolysis;  a  polyvalent 
atom  or  radical  carries  an  equivalent  number  of  Mirh  charges. 

It  was  Johnstone  Stoney  who  tirsl  used  the  word  electron  to  desig- 
nate atoms  of  electricity  as  distinct  from  matter,  with  which  they 
combine  to  furnish  the  electrolytic  ions.  The  presence  of  similar 
electrons  combined  with  material  atoms  allows  us  to  represent  certain 
peculiarities  of  the  spectrum,  the  existence  of  doublets  of  like  fre- 
quencies; the  electron,  in  motion,  is  thus  considered  as  the  origin 
of  the  emission  of  all  luminous  rays. 

(7)  OagfouM  Condttctors.  But  there  are  the  researches  on  the 
electrical  conductivity  of  gases,  which  have  presented  to  us  in  a 
forcible  manner  the  idea  of  electrical  atoms,  which  have  made  this 
notion  more  tangible  by  allowing  us  to  count  these  electric  centres, 
to  lay  hold  of  them  individually,  and  to  measure  for  the  first  time 
the  charge  of  each  of  them  in  absolute  value. 

As  early  as  IS82,  Giese.  in  observing  the  peculiarities  of  the  con- 
ductivity of  gases  escaping  from  flames,  the  departure  from  Ohm's 
law.  the  impossibility  of  drawing  from  tlie  gas,  whatever  might  be 
the  electric  field  employed,  more  than  a  limited  amount  of  electricity 
of  each  kind,  the  progressive  recombination  of  the  free  charges  in  the 
gas.  had  expressed  in  a  precise  manner  the  idea,  that  as  in  electrolytes 
the  free  electric  charges  in  a  gas  are  carried  by  distinct  positive 
and  negative  centres  in  Umited  numbers,  capable  of  moving  in  oppo- 
site directions  under  the  action  of  an  external  electric  field  in  order 
to  discharge  the  electrified  body  which  produces  the  field. 

It  is  difficult,  in  fact,  to  conceive  how,  on  the  hypothesis  that  the 
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charges  are  distributed  in  a  continuous  manner  in  space,  a  mass  of 
gas  electrically  neutral  could  furnish  a  limited  quantity  of  electricity 
uf  cocli  kind,  decreaeinf;;  with  the  time  by  progressive  recombinntion 
if  one  delays  the  establishment  of  the  electric  Held  in  tbe  gas. 

It  is  indeed  necessary  to  admit,  for  the  two  electricities,  a  discon- 
tinuous structure  tn  order  to  allow  their  t'oexintcnce  without  com- 
pletely neutralizing  one  another.  The  progreuslve  recombmation  of 
the  charged  particles  or  Ions  of  two  kinds  would  produce  this  neutral- 
ization at  the  moment  of  their  mutual  croUisioos. 

The  )}hcnomeua  of  th«  saturation  cuirent,  of  the  limited  quantity 
of  free  electricity  in  a  gae,  were  obtained  under  conditions  most  favor- 
able to  experiment^il  study,  when,  immediately  after  the  discoven' 
of  Rivntgen  rays  and  like  radialiimSjonehftd  recognized  their  property 
of  making  the  gas  they  traversed  a  condui;tor  of  electricity.  The 
limited  charge  which  we  can  extract  from  a  gas  thus  nuidiried.  the 
velocity,  finite  and  easily  measured,  with  which  they  move  under 
the  action  of  an  electric  field,  their  progressive  recoinbination,  are 
interpreted  in  an  admirable  manner  on  the  hypothesis  that  the  nidi- 
ntiona,  as  well  as  the  intenae  heat  agilation.i  in  a  flame,  dissociate 
B  certain  number  of  the  molecules  of  the  gas  into  electrified  parts 
carrying  charges  of  opposite  kinds. 

(ft)  The  Phrnomena  of  Condensation.  We  know  how  the  phe- 
nomena of  condensation  of  supcrnaturutrd  water  vapor  in  the  pre- 
sence of  a  conducting  gas,  already  referred  by  H.  von  Kelmholts  to 
the  presence  of  ions,  h.as  given  the  preceding  hypothesis  a  brilliant 
confirmation.  A.'*  a  result  of  the  researches  of  J.  J.  Thomson,  Town- 
send,  C.  T..R.  Wilson,  and  U.  A.  Wilson,  these  droplets  of  visible 
water,  each  formed  by  condensation  around  an  electrified  centre, 
bring  forward  a  tangible  witness  to  the  existence  of  these  centres,  and 
furnish  a  meanf  of  measuring  the  individual  charge,  present  on  each 
drop  of  water  formed,  and  equal  to  about  3.4  X  1(1" "  electrostatic 
units  of  electricity  according  to  the  recent  mcasurcmenU  of  J.  J. 
Thomson  and  H.  A.  Wilson. 

The  fundamental  idea  in  these  kinds  of  mea.sureinent8.  applied 
for  the  first  time  by  Townsend  to  the  charged  drops  which  are  pro- 
duced in  the  presence  of  saturated  water  vapor  in  recently  prepared 
gaeea,  eoDsists  in  deducing  the  mass  of  each  drop  from  its  velocity 
of  fall  under  the  action  of  gravity  by  means  of  Stokes's  formula,  which 
gives  the  frictional  resistance  of  a  sphere  moving  through  a  viscous 
medium,  and  which  exjtresses  the  velocity  of  fall  in  lerms  of  the 
radius  of  the  drop  and  consequently  of  Its  mas.s.  We  can  obtain 
from  tliis  the  electric  charge  carried  by  each  drop  if  we  know  the 
ratio  of  this  charge  to  the  mass. 

This  ratio  can  bo  obtained,  as  was  done  by  Townsend  and  J.  J. 
Thomson,  by  measuring  or  calculating  Che  total  mass  of  water  carried 


%)y  Ihe  droplets,  considered  an  unifonn.  as  well  as  the  total  quantity 

of  electricity  carried  by  the  i(in»  whirh  have  served  as  centres  fnr 

_    -ehe  ftjrnmlion  of  the  drops.  The  charge  tlius  obtained  by  Towii»cnd 

I    -waa  found  to  be  3X  10"'"  electrostatic  units  for  each  centre  in  the 

-cow  of  gBses  of  electrolysis,  aad  to  6.5X  10""  by  J.  ,1.  Thomson 

Irom  the  first  series  of  measureiuent  on  gases  ionixed  by  Roentgen 

Tsys. 

H.  A.  Wilson  obtained  the  ratio  of  uharge  to  the  maea  at  a  drop 
more  simply  by  comparing  the  velocity  of  rail  under  the  action  of 
^avity  alone  with  the  velocity  of  fall  in  a  vertical  electric  ndd.  He 
obtained  thus  directly  the  ratio  sought  for  This  method  has  the 
advantage  of  showing  that  the  electric  chaises  arp  really  carried  by 
the  dropg.  and  of  separating  ihuiie  drop^  which  carry  a  single  ele- 
ntentary  charfte  from  thosf  wliich.  by  difftision  of  the  ions  toward 
one  another,  carry  a  double  or  triplL-  cbarRc. 

Wilson  gives  aa  the  mean  result  of  his  measurements  3.1X  ]0~", 
a  value  very  near  to  that  of  Towrscnd. 

A  second  series  of  experiments  by  Professor  J.  J.  Thomson,  in 
which  he  u»cd  radioactive  sulwtanpes  as  sources  of  ionization  more 
constant  than  the  Crookt-s  tube,  and  in  which  he  took  rare  to  cauw 
the  drops  to  fonn  on  all  the  ions  prciMjnt  in  the  gaa,  by  producing  a 
nipersaturation  of  the  water  vapor  by  n  rapid  expansion  of  sufTtcieiit 
magnitude  to  cause  the  condensation  on  thp  ions  of  both  kinds,  gave 
as  u  mean  result  3.4X  10~ '",  ii  vnlue  in  complete  agreement  with 
the  other  two  experimenterg,    TTie  principles  of  thermociynamics 
ueount  perfectly  for  the  influence  of  clerlrifiod  centres  on  the  con- 
densation of  water  vapor:  the  electric  charge  of  a  drop  in  fuct  dimin- 
iiheB  the  pressure  of  water  vapor  in  etiuilibritim  with  it.    Moreover, 
the  least  aupersaturation  found  neces«ary,  by  C.  T.  R.  Wilson,  for 
the  formation  of  drope  of  water  on  the  ions,  which  arc  the  same  what- 
ever may  be  the  means  of  producing  thom  (Roentgen  rays,  Beequcrol 
rays,  brusli  discharge,  action  of  ultra-v-iolet  light  on  metal  negatively 
ehafRed),  allows  us  by  purely  themiodynamical  reasoning  to  calcu- 
late approximately  the  charge  carried  by  each  of  the  ions,  and  this 
calculation,  entirely  distinct  from  direct  measurement,  ^ves  in  the 
caae  of  the  positive  centres  a  value  of  4X  ]0~  '"  E.  S.  units. 

(9)  The  Hadialion  Interirat.  More  surprising  still  is  the  result 
recently  obtained  by  H.  A.  Lorentz,  who  aueeeeded  in  bsfiiiig  a  pre- 
cise measurement  of  the  elementary  charges  carried  by  the  electrified 
centres  present  in  mctala  on  the  experimental  study  of  the  radia- 
tion integral  or  black  body  radiation. 

We  will  sec  how  the  cmi-tsion  and  absorption  of  heat-  and  tight- 
-waves  by  matter  arc  dependent  on  the  presence  in  it  of  electrons 
in  motion.  The  ratio,  for  a  radiation  of  given  wave-length,  between 
ItwenuaBive  and  absorptive  power,  a  ratio  independent  of  the  nature 
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of  the  substance,  irpreacnts  the  emissivo  power  of  the  radiation 
integral,  which  bolonictric  measurements  give  directly. 

Now  this  ratio  can  be  calculated,  fw  Lorpntz  has  shown,  for  wave- 
Icn^hg  which  arc  long  in  comparison  with  tho  mean  path  of  free 
electrons  in  the  metal,  as  a  function  of  the  charge  carried  by  each 
of  them.  The  comparison  of  these  results  with  those  of  Kurlbaum 
furnishes  an  entirely  new  methoJ  of  obtaining  this  chaise,  and  gives 
3.7X10-"'E.  S.  units. 

(10)  The  Kinetir  Theory,  Finally,  the  last  eonfirmation,  which 
state*  more  precisely  still  our  knowledge  of  the  electric  atom,  and 
our  confidence  in  this  fundamental  idea.  Townsend,  through  eooi- 
paring  by  the  simple  reasoning  of  the  kinetic  theory  the  velocities  of 
ions  in  a  gas  under  the  action  of  an  electric  field  with  their  coefficient 
of  diffusion  through  the  interior  of  the  gas,  two  quantitiee  direoUy 
tneaaurable  by  exp<!riment,  has  been  able  to  demonstrate  the  identity 
of  the  charge  of  one  of  these  gaseous  ions  with  the  etectrio  atom  of 
Heltnholtz,  the  charge  of  a  monovalent  atom  in  eletarolysi*. 

From  this  comes  directly  a  new  confirmation  of  the  values  pre- 
vioufily  obtained,  for  it  allow's  us  to  know,  owing  to  Townscnd'e 
reauits.  the  charge  on  an  atom  in  electrotysis,  and  from  it  to  deduce 
immediately  the  oonetant  of  Avogadro,  the  number  of  molecules 
contained  in  a  given  volume  of  a  gas.  The  n'sults  arc  n-ell  in  agree- 
ment with  the  values  of  this  constant  <in  general  a  little  greater), 
which  xve  can  directly  deduce  from  the  kinetic  theory  of  gaaea. 

Here  is  an  important  group  of  concordant  indications,  all  of  abeo- 
lutely  distinct  origin,  which  show  without  doubt  the  granular  struc- 
ture of  electric  charge*,  and  consequently  the  atomic  structure  of 
matter  itself.  The  measurements  which  1  have  juat  enumerated 
allow  us  to  establish,  iu  groat  security,  the  hypothesis  of  the  exist- 
ence of  molecular  masses. 

I  seek  to  point  out  here  this  extremely  remarkable  sesuli,  which 
belongs  without  doubt  to  some  fundamental  pro|)erty  of  the  ether 
and  of  the  electrons,  that  all  these  electrified  centres,  whatever  may 
be  their  origin,  are  now  identical  from  the  point  of  view  of  the 
charge  which  they  carry. 

It  18  necessary  for  us  to  penetrate  further  into  their  properties, 
into  their  relations  with  material  atoms,  to  determine  their  relative 
sizes,  in  order  to  add  among  others  to  the  more  exact  idea^  which  we 
possess  in  this  field,  that  the  electrons,  or  negative  cathode  cor- 
puscles, are  all  ideiilioal  not  only  from  the  point  of  view  of  their 
charge,  but  also  from  the  point  of  view  of  their  dynamic  properties 
and  of  their  niasaea.  We  are  unhappily  not  flo  well  informed  in 
regard  to  the  positive  centres. 
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III.  InrrHa  and  Radiation 


(II)  The  Etedromagnetif  Wake.'  Before  going  farlher  it  is  im- 
portant to  point  out  what  we  can  draw  from  the  point  of  view  to 
which  we  have  now  come.  Elertrified  centres,  whose  existence  is 
esperimentjilly  pro%-en,  whose  charge  we  know  in  absolute  unita, 
are  movable  with  respect  to  a  fixed  ether  dftfined  according  to  the 
equations  of  Herta,  without  its  hfl^•illg  been  necessary  for  us  to  have 
fecourse  to  dyDamic  priiiciplea  to  arrive  at  this  point  of  view. 

To  what  extent  can  the  known  properties  of  matter  be  deduced 
from  these  two  ideas  of  the  electron  and  the  ether,  and  is  it  necessary 
to  add  someihing  to  them  in  order  to  build  up  a  synthesis?  We  are 
going  to  see  rapidly  and  definitely  from  our  idea  of  the  electron, 
bow  it  ia  fiulhclent  to  represent  at  the  same  time  the  inertia  of  matter, 
its  dynamic  properties,  also  how  it  can  emit  and  fibsorb  the  radi- 
tlioiis  which  the  etlier  transmits. 

The  possibility  of  conceiving  of  inertia,  mass,  rot  as  a  funda- 
mentat  idea,  but  as  a  consequence  of  the  laws  of  electro  magi  lel  ism, 
is  a  conception  which  owes  it«  origin  to  an  important  memoir  pub* 
^hed  in  1881  by  Professor  J.  J.  Thomson.'  He  studies  there,  basing 
his  assumption*  on  the  existence  of  the  diaplacement  currents  of 
Maxwell,  the  electromagnetic  field  aeeompanying  an  electrified  sphere 
Id  motion.  This  motion  implies  a  change  in  the  electric  Geld  at  a 
point  fixed  with  respect  to  the  medium,  and  this  displacement  current 
immeiliately  produces  a  magnetic  field  according  to  the  ideas  of 
Maxwell.  The  necessity  of  a  convection  current  is  jKiinted  out  later. 
The  magnetic  field  thus  produced,  identical  with  that  of  an  element 
of  current  parallel  to  the  velocity  of  the  moving  charge,  i.i  propor- 
tional at  each  point  to  that  velocity,  at  least,  if  it  does  nut  approach 
too  nearly  to  that  of  light. 

The  creation  of  a  magnetic  field  at  the  time  of  setting  the  charged 
tjcntrc  in  motion  impliea  an  expenditure  of  energy,  energy  of  aelf- 
inductioD  of  the  convection  current,  proportional  to  a  first  approxi- 
mation to  the  square  of  the  velocity,  for  those  velocities  which  arc 
small  compared  to  the  velocity  nf  light.  It  hs  thus  an  expression  of 
the  same  form  as  that  of  ordinary  kiuetie  energ)-.  A  part,  at  least, 
of  the  inertia  of  an  electrified  body,  of  lis  capacity  for  kinetic  energy, 
is  thus  a  consequence  of  its  electric  charge. 

Moreover,  the  magnetic  field  thus  produced,  and  the  electric  field 

«8  well,  modified  by  the  velocity  as  it  approaches  more  nearly  to  that 

vf  light,  constitute  around  the  electrified  centre  in  translation  a  wake 

vhich  accompanies  it  in  ita  trautilatian  through  the  ether  without 

change  so  long  as  the  velocity  remains  constant.   It  is  besides  neces- 

»  J.  J.  ThooiMn,  Phil.  .l/oy.  1. 11.  p.  329.   ISfll. 
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sary  that  an  rxtrrn&l  action  should  intervene  in  order  to  modify  the 
enct^y  of  this  woke  ftn<l  consoquently  to  incrcnse  or  dJminisb  the 
velocity.  Thtti  implies,  in  the  alisooco  of  all  other  kinetic  cnorgj'  than 
thiti  of  eloflromftsnetie  oripiii,  corrospondinfi  to  the  pro(3»ietion  of 
tlie  wake,  by  the  law  of  Galileo  on  the  consen-aliou  of  ilie  velocity 
acquired,  in  the  absence  of  action  of  alt  external  fields  of  force, 
thai  an  plcctrifieil  centre  possesses  Inertia  by  the  fact  alone  that  it  is 
eiectn&cd. 

It  is  the  immovable  et^er,  the  clecrtramagnetic  medium,  wbieb 
8orvc8  as  n  fixed  support  for  ih*'  axes  with  respect  to  which  the  prin- 
ciple of  inertia  is  applicalile,  and  of  which  the  ordinary  mechanic* 
liniits  itself  in  affirming  the  existence  by  saying;:  there  exists  a  sys- 
tem of  axes,  determined  by  a  nearly  uniform  traiiBlation  with  respect 
to  which  the  principle  of  Galileo  ie  exactly  verified. 

(12)  The  Absolute  Motion.  If  we  are  &ble,  from  the  actual  point 
of  view,  to  conceive  of  the  ether  us  supporting  the«o  Galilean  axes, 
it  does  not  necessarily  follow  Umt  ihe  electro  magnetic  phcnouieii& 
enable  ua  to  arrive  at  this  absolute  motion.  It  seems,  on  the  contrary, 
80  far,  that  etatic  exptriments,  carried  on  in  a  material  system  by  an 
observer  carried  along  with  it  with  a  uniform  motion  of  translation, 
do  not  allow,  whatever  may  be  the  degree  of  accuracy  of  obser^'S- 
tion,  th<?  detection  of  a  relative  motion  of  the  ether  with  respect  to 
matter. 

Lurmor,  and  more  completely  Lorentz,  have  shown  that  there 
exist  in  the  system  aclious  of  eletitromUKnctic  origin;  it  is  possible 
to  t-sljibliah  in  a  comijlclc  manner  a  static  correspondence  (a*lating  to 
the  positions  of  equilibrium  or  to  the  black  fringes  in  optics)  between 
the  system  in  motion  and  a  system  fixpd  with  respect  to  the  ether,  by 
means  of  a  changt^  i»f  variubleo  which  preKervoi  for  the  i>(iuations  of 
the  medium  fur  a  inovin):  xystem  the  exact  form  which  they  jKxueiis 
for  Q  system  at  rest. 

The  two  syHtems  differ  from  one  another  in  that  the  moving  system 
is  aligbtly  contracted  compared  with  the  lixcd  system  io  the  direction 
of  the  resultant  motion  by  an  iimount  always  very  small,  propor- 
tional to  thcsqnarp  of  the  ratio  of  the  velotiity  of  motion  to  the  veloc- 
ity of  light.  Thi.-!  contrai'tion  aflfw-tH  efpially  all  the  elements  of  the 
moving  »yst«m,t.€.  the  ehcetrons  themsplvcs.  if  we  admit  with  Ix)n'ntx 
that  the  interior  actions  of  thiae  electnjns  are  solely  elcctnimagnrlir 
acti^n^  or  are  modilied  in  the  same  manner  by  the  translation,  —  with 
the  result  that  observation  cannot  prove  this  contraction  any  more 
than  it  can  prove  the  funeral  dragging  of  the  ether.  These  elements 
belm\'e  as  thoufih  they  belonged  to  a  corresponding  fixed  system. 
Tlius  is  found  an  explaDallnn  of  the  negative  results  of  experiments 
undertaken  to  show  the  absolute  motion  of  the  earth,  by  Mirhclson 
and  Morley,  Lord  Kaylcigh,  Bruce,  Trouton,  and  Noble,  if  one  admit* 
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Ifaat  til  the  internal  forces  of  matter  arc  of  «lectroniAgnetic  origin, 
an«i  that  ihe  energy  is  entirely  divitJed  between  the  two  fields,  elec- 
tric and  tnagnotic. 

Vi'e  shall  see,  however,  f»rther  on  that  it  is  difficult  to  eliminate 
in  this  way  all  other  fornni  of  energy,  all  other  forces,  such  oe  grov- 
iLation;  and  it  would  then  be  neeessary  to  odmit  with  Lorentz,  in 
orcier  that  the  correspondenee  betivoen  the  two  systems  should 
actually  subsist,  that  in  the  moved  system  the  forces  and  masses  of 
diflfeient  origins  are  modified  exactly  as  the  electromagnetic  forces 
»nd  m»88es.  an  hypotheais  loo  complliratcd  and  arbitrary  in  the 
>ctual  state  of  the  <iuestion. 

But  this  doen  not  seem  to  be  a  ncecasary  consequence;  it  appeore 
probablothaiihespactioiis,  foreign  to  cleciromagiielJsm. and  necessary 
at  [he  interior  of  the  electron  in  order  to  give  stability  and  in  order 
to  represent  gravitation,  and  which  are  probably  connected  with 
WRc  another,  do  not  intervene  in  a  sensible  manner  in  the  negative 
**xperinients  referred  to  above,  and  that  ever>'lhiiig  transpires  fta  if 
the  electromagnetie  forces  alone  played  a  rflle,  alone  exists. 

Wp  shall  see  farther  on  that  perhaps  experiments  of  another  kind 
than  those  referrc'd  lo  here,  for  example,  some  dynamic  nieasure- 
■  tnents  bringing  in  a  relative  motion  of  the  system  moved,  or  some 
Static  experiments  bringing  in  gravitation,  would  enable  us  to  under- 
stAnd  the  absolute  motion,  the  axes  bound  to  the  ether,  instead  of 
Conceiving  simply  of  their  existence. 

(13)  BtcetToma^etic  Inertia,  The  problem  of  the  electromagnetic 
■Wake  accomj»a living  an  elei^trifipd  .sphere  or  ellipsoid  in  the  ether 
has  been  taken  uj)  sinre  .5.  .J.  Thnmnon  by  Heavisitle  and  Searle. 

Max  Abraham  hns  *hown  their  rexutt^s  to  coii.'4i:4t  nppniximntely 
of  a  numerical  factor  when,  tnatead  of  siipposinp  the  body  lo  be  a 
•Conductor  having  a  surface  charge,  we  suppose  \\a  charge  to  have 
**.  uniform  volume  dii>tri button . 

Among  the  more  important  resuKji  contained  in  this  snliition  of 

J  ,  J.  Tliomson's  pniblem,  I  will  point  out  these:  that  in  the  rase  of  a 

Conducting  sphere,  the  charge  renmins  uniformly  distributed  on  the 

^■wrface  whatever  may  be  the  velocity,  and  that  in  all  cases  the  elei^tric 

^Xeld  at  a  distance  tends  to  become  more  and  more  roncentroted  in  the 

luatorial  plane  with  respect  to  the  direction  of  the  velocity  ia  pro- 

irtion  as  thw  velocity  appr«)aehps  that  nf  light. 

Moreover  the  kinetio  energy  which  it  is  necessary  to  expend  nt  the 

Kltouient  of  putting  it  in  motion  in  order  to  crejite  the  elect romagnetie 

■Vrake  ceases  lo  be  proportional  to  the  wiiiare  of  the  velocity,  and 

increases  indefinilely  as  the  velocity  approiKrhcs  the  velocity  of  Hghtr 

*i»vcs;  the  law  of  the  increase  of  this  kinetic  energy  with  the  velocity. 

tlie  energy- of  self-induction  of  theeurrent  t-o  which  the  charged  body 

in  motion  is  equal,  may  be  easily  dcdueed  by  Seorle's  solution. 
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Without  any  other  hypolbesid  tUun  that  of  its  electric  chaige, 
tlie  electron  is  Iniind  to  have  inertia  defined  as  rapsoity  for  kinetic 
energy,  but  with  a  pnrticiilar  liiw  of  viiriatioii  of  thin  att  n  function  of 
llie  velocity,  and  this  inertin  appears  to  approach  infinity  as  the 
velocity  iipproachps  that  of  light. 

The  bfhttvi<»r  of  this  law  dnpendH  very  little  on  the  hypothesis 
m&dc  as  to  the  form  of  the  electron  and  the  distribution  of  the  electric 
charge  which  it  carries.  In  all  cases  it  is  found  to  be  impo«ible  to 
give  thnplef  tron  a  velocityequal  to  that  of  light, at  least  pernukiiCDtJy. 

Itmtead  of  rnnsidering  with  Max  Abraham  the  eteetron  to  be  spher- 
ical al  all  velot'ilies,  fxirenlx  admits  it  to  be  spherical  when  at  rest 
and  to  have  a  uniform  distribution  of  charge;  but  if  all  internal  forces 
are  solely  ciRctroinugnetie  or  act  as  xuch,  we  have  the  view  that  the 
electron  is  flattened  in  the  direction,  of  motion  by  a  quantity  propor- 


tional to  the  square  of  the  ratio  [  jS- 


-;)"" 


its  velocity  to  that  of 


light,  becoming  an  ellipsoid  of  revolution,  the  equatorial  diameter 
n-maining  equal  to  that  of  the  original.  This  lends,  as  we  shall  see,  to 
a  law  of  inertia  different  from  that  of  an  invariable  sphere. 

We  shall  likewise  see  that  it  does  not  appear  to  be  necessary  to 
aaaign  to  the  electrons,  the  negative  ones  at  Icaat,  any  other  inertia- 
than  this  in  order  to  account  for  the  dynamic  properties  of  the  cathode 
rays:  however,  expi-rinieiiU  are  not  yet  sufficiently  exact  to  allow  us 
to  infer  the  form  of  the  flectmn  itself,  which  depends  on  the  law  of 
the  variatioD  of  the  kinetic  energy  witli  the  velocity. 

(14)  Tttfff  PrrAlctTks.  We  liave  examined,  so  far,  only  the  case  of 
an  electron  in  uniform  motion  in  the  absence  of  any  external  electro- 
magnetic field  capable  of  modifying  the  motion  of  the  electron  by 
^viag  it  an  acceleration. 

The  general  problem  of  the  connection  between  the  ether  and  the 
electron,  which  probably  represents  the  most  important  of  the  con- 
nections between  ether  and  matter,  is  double. 

In  the  (irst  place,  what  is  the  electromagnetic  disturbance  in  the 
ether  accompanying  any  given  motion  of  the  electrons  whatsoever? 

In  the  second  place,  wliat  motions  would  free  eleclrona  have  if  dis- 
placed in  an  extprnal  magnetic  field  superimposed  on  that  which 
constituli-s  Iheir  wake? 

(15)  The  Velociiy  Wave  —  Tht  Acederation  Wave.  We  actually 
powesa  all  the  elements  necessary  for  the  solution  of  tlie  first  pro- 
blem, in  which  the  motion  is  uniform  in  a  particular  case-  Lorcntz 
has  given  in  a  very  simple  form  tlie  general  Bolution  by  the  use  of 
a  delayed  potential. 

Each  element  of  the  charge  in  motion  is  determined  by  Hs  position, 
its  velocity,  and  its  acceleration  at  the  time  7",  the  electric  and  mag- 
netic fields  at  tlie  time  T  +  t,oa  a  sphere  having  for  its  centre  the 


RELATIONS  TO  OTHER  SCTEKCE8 


183 


position  nt  the  time  T  aud  for  radius  the  p»th  passed  over  by  tight 
during  the  time  t. 

Lorentz  has  ^ven  in  this  way  the  expressions  for  the  two  electric 
and  vector  potentials  from  which  the  lields  can  he  deduced  by  the 
well-known  formiUa.  The  complete  expressions  for  these  Relds  h&ve 
been  f^ven  for  the  first  time,  I  believe,  by  Lenard ;  I  obtained  them 
iDdcpendently  at  the  same  lime  as  Schwartzschild  by  putting  thorn 
in  the  following  form. 

The  expressions  for  the  two  fields  consist  of  two  parts:  the  first 
depends  solely  on  the  velocity  of  the  clement  at  the  time  T  and 
contributes  to  form  the  wake  (siliage)  wliich  accompanies  the  elec- 
tron in  its  motion;  I  shall  call  this  the  vetocUif  vjave.  This  velocity 
wave,  which  exists  only  in  the  case  of  uniform  motion,  has  its  elec- 
tric field  always  directed  toward  the  position  which  the  element  of 
charge  will  occupy  at  the  time  7'  +  (.  if  it  had  retained  from  the 
time  T  the  velocity  which  it  had  at  that  moment.  Schwartzschild 
calls  this  position  tlie  point  of  aberration.  It  coincides  with  the 
true  position  of  the  moving  clement  at  time  T  if  the  motion  has 
been  uniform.  The  other  part  of  the  two  fielils  ia  proportiouftl  to 
the  acceleration  projected  on  the  direction  of  propagation,  and  the 
directions  of  the  two  fields  are  there  per]x;ndicular  to  one  another, 
and  perpendicular  to  the  radius,  at  the  same  lime  the  two  electric  and 
magnetic  Selds  represent  equal  enersics  iier  miit  volume;  they  have 
all  the  characteristics  of  a  radiation  which  is  freely  propagated  id 
the  ether.  I  shall  call  this  part  the  ncceJeration  imiv.  Moreover,  llie 
,  intensities  of-  the  fields  in  this  case  var>'  inversely  as  the  distance 
from  the  centre  of  emitciion,  the  energy  represented  by  this  wave 
does  not  tend  toward  zero  as  the  time  T  increases  iiidcBiiitcIy  ; 
there  is  thus  energy  radiated  to  infinity  by  the  acceleration  wave. 

The  velocity  wave,  on  the  contrarj-,  in  which  the  fields  vary 
in\'ersely  as  the  aquare  of  the  radius  Vt,  does  not  carry  any  energy 
I  toukfinity:  the  energy  of  the  velocity  wave  accompanies  the  electron 
'  in  it«  motion  and  corresponds  to  its  kinetic  energy. 

(16)  Radialinn  imjiHes  Arccieraiion.  We  can  conclude  from  this 
that  when  un  electrified  centre  experiences  an  atrireleratinn ,  and  only 
tbcn,  it  radiates  to  infinity  in  the  form  of  a  transversa  wave,  clectro- 
magnetic  mdiation,  a  definite  quantity  of  energy,  proportional  per 
unit  nf  time  to  the  square  of  the  acceleration. 

The  origin  of  electromagnetic  radiation,  of  all  radiation,  is,  then, 
in  the  electron  imdergoing  acceleration.  It  is  through  the  electron 
that  mutter  acts  as  the  source  of  Hertzian  or  lif!;ht  waves.  All 
aeeeleratioQ,  all  change  which  takes  place  in  the  state  of  motion  of 
electrons,  result  in  theemission of  waves.  The  character  of  thccmitted 
waves  changes  naturally  according  as  the  acceleration  is  abrupt,  dia- 
coQtinuotu,  or  periodic. 
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In  the  first  case,  realized,  for  example,  in  the  sudden  stopping  of  the 
negative  electrons,  or  corpuscles,  by  the  anti-cathode,  the  radiation 
consists  of  an  abrupt  pulse  whose  thickness  is  equal  to  the  product 
of  the  velocity  of  light  into  the  time  taken  to  stop  them,  and  which 
gives  us  a  good  representation  of  the  Roentgen  rays  or  of  the  rays 
from  radioactive  substances. 

If  the  acceleration  is  periodic,  on  the  contrary,  as  in  the  case  when 
the  electron  revolves  around  an  electrified  centre  of  opposite  sign 
to  itself,  the  acceleration  is  periodic,  and  the  radiation  emitted  con- 
stitutes a  light-wave  whose  length  is  determined  by  the  period  of 
revolution  of  the  electron. 

The  solution  of  the  first  of  the  two  fundamental  problems  thus 
appears  complete  and  raises  no  difficulty. 

IV,    Dynamics  oj  the  Electron 

(li)  Maxwell's  Idea.  The  inverse  problem  is  less  simple.  It 
consists  in  finding  the  motion,  the  acceleration  which  a  movable 
electron  experiences  in  electric  or  magnetic  fields  of  given  intens- 
ities; it  is,  properly  so  to  speak,  the  problem  of  the  dynamics  of  the 
electron. 

The  equations  which  solve  this  problem  ought  to  consist,  like 
the  equations  of  ordinary  dynamics,  of  two  kinds  of  terms:  one  of 
these  dependent  on  the  external  fields,  which  produce  their  actions 
on  the  electron,  and  are  analogous  to  the  external  forces  in  dynam- 
ics; the  other,  representing  forces  dependent  on  the  motion  itself, 
and  producing  a  resistance  to  motion,  similar  to  the  forces  of  in- 
ertia. 

The  terms  corresponding  to  external  actions,  the  forces,  have  been 
obtained  by  Lorentz  following  a  method  which  was  the  natural  con- 
tinuation of  Maxwell's  idea  aa  to  the  possibility  of  a  mechanical 
explanation,  otherwise  indeterminate,  by  the  facts  of  electromag- 
netism.  The  analogy  to  the  equations  of  electrodynamic  induction, 
and  to  the  equations  of  Lagrange,  appeared  to  justify  such  an  ex- 
planation, and  it  was  natural  to  continue  to  look  upon  the  ether- 
electron  system  as  a  mechanical  system,  and  to  apply  to  the  motions 
of  electrified  centres  Lagrange's  equations,  deducing  thus  the  forces 
exerted  on  the  electrons  by  its  electric  and  magnetic  energies  con- 
sidered as  corresponding  to  the  potential  and  kinetic  energies  of  a 
mechanical  system,  substituted  in  the  ether.  We  are  thus  led  to 
apply  to  the  medium,  ether,  in  consideration  of  the  fundamental 
notions  of  force  and  mass,  which  they  imply,  the  equations  of  ma- 
terial dynamics,  deduced  from  principles  founded  on  observations  of 
matter  only,  always  taken  in  mass  and  without  an  appreciable  amount 
of  radiation. 
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(18)  Elktr  in  Matter.  Wc  extend  thus,  by  a  bold  deduction,  these 
]xuiciple3  to  a  region  for  which  they  have  not  been  designed,  and 
thus  admit  implicitly  the  possibility  of  a  material  representation  of 
the  ether.  However,  as  I  have  alreaily  pointed  out,  an  attempt  at 
Buch  a  reprFScntation  raises  many  difficultien,  and  the  ePforta  so  far 
made  to  extend  thcMi  prinripics  in  a  more  precise  manner  have  not 
been  successful.  The  most  profound  attempt,  that  of  Lord  Kelvin, 
the  gj-rostatic  ether,  lends  itself  riRorously  only  to  the  represcnt- 
aiion  of  the  propagation  of  periodic  disturbances  in  the  ether,  but 
makes  impossible  the  existence  of  a  permanent  deformation,,  neccs- 
tAry.  however,  for  the  representation  of  a  constant  electrostatic 
Geld.  The  gyrostats  would  turn  back  again  at  the  end  of  a  finite 
time,  and  the  ejiftem  would  cefwe  to  react  agiunst  a  deformation 
which  has  been  imposed.  Moreover,  it  would  appear  impossible  to 
include  in  this  conception  the  permanent  existence  of  electrons, 
centres  of  deformation  in  the  medium. 

To  get  around  this  difficidty,  Larmor  had  occasion,  in  the  materia] 
image  which  he  proposed  for  the  ether,  to  superimpose  on  the  gyro- 
static  system  of  Lord  Kelvin  the  properties  of  a  perfect  fluid,  of 
which  the  displacementfl  representing  the  magnetic  £eld  should  be  at 
each  ixistant  irrotational  in  order  not  to  produce  an  electric  field  by 
the  rotation  of  the  gyrostats  present  in  the  medium.  But  a  great 
difficulty  is  added  to  t\vs  preceding:  if  the  motion  of  a  fluid  satiafies 
It  every  moment  the  condition  of  being  irrotational  for  infmitely 
small  displacements,  it  is  not  so  for  finite  displacements,  and  a 
taagneUc  6cld  could  not  continue  to  exist  without  giving  rise  to  an 
electric  field. 

I  believe  it  impossible  to  overcome  those  difficulties  and  to  give 
a  material  image  of  the  ether,  whose  properties  are  entirely  dintinct, 
aod  probably  much  more  simple  than  those  of  matter. 

(19)  Action  ajid  Reaction.  Let  us,  however,  retain  this  view  in  order 
Ihat  we  may  meet  new  dinicultics.  By  means  of  Lugrange'sequatlona 
Lorcntz  obtains  two  external  forces  acting  on  each  electron  in  motion, 
two  terms  representing  the  action  of  the  electromagnetic  field. 

One  force  is  parallel  to  the  electrostatic  field;  it  is  the  ordinary 
electno  force,  due  to  the  superpnisitinn  of  the  electric  field  produced 
by  the  electron  on  the  external  electric  field:  the  other  la  perpendicu- 
lar to  the  direction  of  the  velocity  of  the  electron  and  of  the  external 
tnac&eUo  field;  it  is  the  electromagnetic  force  analogous  to  tlio  force 
of  Laplace  exerted  by  a  magnetic  field  on  an  clement  of  current,  and 
duo  to  the  superposition  on  the  external  magnetic  field  of  the  magnetic 
field  produced  by  the  electron  during  its  motion.  This  double  result 
includes  all  the  elementarj'  laws  nf  electromagnetism  and  of  electro- 
dynamics, if  we  consider  the  current  in  ordinary'  conductors  as  due  to 
the  displacement  of  electrified  particles. 
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WeesMlywe  that  the  forces  thus  obtained,  exerted  on  the  electrons 
by  the  ether,  t.  e.  on  the  matter  which  containa  them,  do  not  satisfy 
the  principle  of  the  equality  of  action  and  reaction,  if  we  comnder  all 
the  forces  which  act  at  the  same  moment  on  all  the  clcctrooa  con- 
stitutinj;  matter.  In  the  case  of  a  body  which  radiates  in  an  unsyni' 
metrical  manoer,  a  recoil,  an  aoBeleration,  is  produced  which  is  not 
compensated  at  the  same  moment  by  an  acceleration  wt  up  in 
another  portion  of  the  matter.  Later,  at  the  time  that  the  emitted 
radiation  meets  an  obstacle,  the  compensation  is  made  (but  only  in 
a  partial  manner  if  all  the  radiation  is  not  absorbed)  by  means  of 
the  pressure  which  the  radiation  exerts  on  the  body  which  receives  it; 
a  pressure  whoso  existence  is  shown  by  experiment. 

The  equality  of  action  and  reaction  has  never  been  verified  in 
similar  cases,  and  it  adda  no  difficulty  to  this  subject  if  we  do  not 
aeek  to  extend  the  principle  beyond  the  facts  which  suggested  it. 

(20)  QuantUy  of  Electromagnetic  Motion,  If  wc  could  nevertheless 
realize  this  extension  of  the  principle,  an  extension  somewhat  arbi- 
trary, we  should  be  led  not  only  to  apply  this  principle  to  matter, 
but  to  suppose  the  ether  to  have  a  quantity  of  motion  which  would 
be  that  of  a  material  system  to  which  we  compare  it. 

Poincar^  has  shown  that  this  quantity  of  electromagnetic  motion 
ought  to  be,  at  ever>'  point  in  the  ether,  in  direction  and  in  magni- 
tude, proportional  to  Poynttng'a  vector,  which  givts  at  the  same 
time  a  definition  of  the  energy  transmitted  through  the  medium. 

By  starling  with  this  idea  of  the  quantity  of  ekctromagnetic 
motion.  Max  Abraham  has  been  able  to  calculate  the  terms,  put  to 
one  side  by  Lorentz,  which  depend  on  the  inotion  of  the  electron 
itself,  its  force  of  inertia,  by  the  variation  of  the  quantity  of  electro- 
magnetic motion  contained  in  its  train.  Ue  was  led  for  the  first  time, 
by  the  form  of  the  terms  which  represent  this  force  of  inertia,  to  the 
notion  of  an  unsymmetrical  mass  as  a  function  of  the  velocity. 

(21)  Qutui-Stationary  Motion.  The  ciileulation  can  be  completely 
made  only  in  the  case,  always  realizable  from  the  experimental  point 
of  view,  where  the  acceleration  of  the  electron  is  so  small  that  its 
train  can  be  considered  at  each  instant  aa  identical  with  that  of  au 
eleetron  having  the  actual  velocity,  but  whose  motion  has  bccD 
uniform  for  a  long  lime.  Thia  in  what  Abraham  calls  a  quasi-station- 
ary motion.  In  this  case,  the  train  is  entirely  determined  at  each 
moment  by  the  actual  velocity  of  the  electron,  also  the  quantity  of 
electromagnetic  motion  which  it  contains,  and  coiisequi^ntly  the 
variation  of  thia  quantity  which  represents  the  force  of  inertia.  The 
condition  of  quasi-etationary  motion  is  simply  that  in  the  neighbor- 
hood of  tho  electron,  where  the  quantity  of  electromagnetio  motion 
is  localized,  the  wave  of  acceleration  may  be  neglected  in  oompari- 
»on  with  the  velocity  wave. 
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(SS)  ton^udinal  Mats  and  Trantvene  Mas$.  We  find  under  these 
Kjnditions  that  the  force  of  inertia  is  proportional  to  the  acceleration 
irith  a  coefficient  of  proportionality  analogous  to  masa,  but  which  is 
bere  a  function  of  the  velocity,  and  increases  indcfiiutoly,  like  the 
kinetic  encrg)',  as  the  velocity  tcnda  to  approach  that  of  light. 
Moreover,  this  electromagnetic  ninss  differs  for  the  same  velocity, 
aecoiding  as  the  acceleratJon  is  parallel  or  perpendicular  to  the 
direction  of  the  velocity.    There  is.  corresponding  to  the  direction, 
A  longitudinal  and  a  transverifc  mass.    Mass  is  then   no    longer  a 
tmlar  quantity,  but  has  the  symmetry  of  a  tensor  parallel  to  the 
tdocity.     No  experimental  fact  yet  allows  us  to  verify  this  dis- 
'wymmctTy  of  the  mass  of  the  electrons,  which  becomes  evident  only 
when  the  veloeity  is  of  the  gamo  order  as  that  of  light,  but  the  vari- 
ation of  the  transverse  mass  with  the  velocity  has  been  proven  by 
Kaufmann  for  the  ^  rays  of  radium,  which  consist  of  particles 
identical  with  the  cathode  raya.    It  is  sufficient  to  compare  the 
de\'iatioDs  of  these  rays  in  the  electric  and  magnetic  fields  perpen- 
dicular to  their  direction  in  order  to  deduce,  by  application  of 
the  equations  of  the  dynamics  of  the  electron,  their  velocity  and  the 
ratio  of  the  charge  to  the  transverse  mass  of  the  particles  which 
compose  them.    This  ratio  decreases  as  the  velocity  increases,  and, 
if  we  consider  as  fundamental  the  principle  of  the  conservation  of 
electricity,  we  conclude  from  it  an  actual  increase  of  the  traneverse 
xneas  according  to  a  law  easy  to  compare  with  that  which  the  theory 
gives  for  the  electrotnagnetic  moss. 

(23)  Matter  o}  the  Philosophers.  But,  before  diacuBslng  the  result  of 

'this  compariaon,  I  wish  to  point  out  a  logical  difficulty  raised  by  the 

course  which  we  have  followed:  wc  are  accustomed  to  consider  as 

idamental  the  ideas  of  mass  and  force,  built  up  in  order  to  repre- 

it  the  laws  of  motion  of  matter;  we,  a  priori,  conceive  of  mass  as 

a  perfectly  invariable  scalar  quantity. 

Now,  let  us  suppose  the  poaaibiUtyof  a  material  repreBcntatlon  of 
the  ether:  wc  apply  to  it  the  equations  of  material  dynamics,  and 
we  arc  led  to  admit  for  the  electrons,  which  form  a  part  of  matter, 
and  consequently  for  matter  itself,  a  diasymmetrical  maaa.  tensorial 
and  variable. 

To  what,  then,  should  the  equations  of  ordinary  dynamics  apply, 
and  what  are  the  ideas  considered  aa  fundamental  which  they  imply? 
Toanabstractmatter,thematterof  the  philosophers,  which  could  not 
be  ordinary  matter,  since  it  is  inseparable  from  electric  cliarges.  and 
which  is  probably  made  up  of  an  agglomeration  of  electrons  in  periodic 
0K)t)Dn,  stable  under  their  mutual  actions?  Or  to  the  ether?  But 
we  have  no  idea  of  what  can  be  ita  mass  or  motion. 

It  ia.indeed.rather  the  ether  which  it  is  necessary  to  consider  as  fun- 
damental, and  it  is  then  natural  tu  define  it  initially  by  those  proper-' 
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ties  of  it  which  we  know,  thai  is  to  say,  by  tlie  electric  and  magnetic 
fiddsj  which  it  is  possible  to  arrive  at,  as  I  have  already  remarked, 
without  admitting  at  any  time  the  laws  of  dynnmics,  the  ideas  of 
mass  and  force  under  their  ordinary  form.  We  will  find  this  last  to  be 
a  derived  and  Beoondary  idea. 


V.  Electromagnetic  Dynamics 


4 


(24)  Change  of  Point  of  Yieio.  It  secmu  thus  much  more  natural  to 
reverse  the  conception  of  Maxwell  and  to  consider  the  analogy  which 
be  has  pointed  out  between  the  equations  of  electro  magnetism  and 
those  of  dynamics  under  Lagrange's  form  as  justifying  much  more 
the  possibility  of  an  electromaguetic  representation  of  the  principles 
and  ideas  of  ordinary,  material  mechanics,  than  the  inverse  possi- 
bility. 

It  ill  necesiiary  then  for  us  to  solve  our  second  problem,  that  of 
the  djTiamics  of  the  electron,  of  its  motion  in  a  given  estcmal  field, 
without  having  recourse  to  the  principles  of  mechanics,  by  purely 
electromagnetic  considerations. 

Ilertz's  equations,  which  permit  a  solution  of  the  first  problem, 
are  here  not  sufficient.and  we  have  need  of  a  more  general  principle, 
which  asaumea  not  the  motion  of  the  electrons  given,  but  that 
dctcrnuDcs  it. 

(25)  The  law  of  Stationary  Energy.  Wc  will  us©  this  principle 
under  a  form  indicated  by  Lnimor,  and  which  we  can  look  upon  as 
a  generalization  of  the  known  laws  of  electrostatics  and  of  electro- 
dynamics. We  know  that  the  distribution  of  electric  charges  and 
electric  fields  in  a  system  of  electrified  bodies  is  always  such  that  the 
elec.troetatic  energy  W,,  contained  in  the  medium  modified  by  the 
field,  is  a  minimum.  The  analogous  principle  holds  for  the  magnetic 
field  produced  by  currents  of  given  intensities.  The  energy  W^  local- 
ized in  the  magnetic  field  i^  loss  for  the  real  distribution  of  it  than  for 
all  otherdistribulions  satisfying  the  condition  that  the  integral  around 
a  closed  line  is  equal  to  4;r  times  the  iatensltiee  of  the  currents  in- 
closed  by  the  line. 

If  displacements  are  possible,  the  conductors  maintained  at  eon- 
stanl  potential  are  in  stable  equilibrium  if  the  electrostatic  energj- 
is  a  maximum,  and  the  currents  of  given  intensities  are  likewise  in 
atable  equilibrium  if  the  energy  of  their  magnetic  field  is  a  max- 
imum. In  all  eases  of  maxima  and  minima,  an  infinitely  small  mod- 
ification of  the  system  from  the  configuration  of  equilibrium  produces 
a  zero  variation  in  the  energy :  it  is  stationary. 

(26)  General  Principle.  When,  instead  of  remaining  permanent, 
the  state  of  the  system  is  variablt?,  and  if  (here  arc  repreaeuted  necea- 
sarily  at  the  same  time  the  two  kinds  of  fields,  we  seek  to  find  how. 
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u  in  the  permanent  case,  an  expression  which  remains  stationary, 
(hot  is  to  say,  the  variation  of  which  is  zero  when  supposed  slightly 
modified,  can  Htart  from  iu  real  state.  We  are  thus  led  to  replace  the 
enoi^es  TF,.  W„,  which  play  this  rflle  in  the  permanent  case,  by  an 
integral  taken  with  reapect  to  die  time,  and  which  represents  not  the 
sum  of  the  energtca,  since  thia  quantity,  e<]ual  to  the  total  energy, 
ought  to  remain  constant  if  only  electromagnetic  action  come  in, 
but  their  difference: 


an  integral  which  remains  stationary  far  all  virtual  modification-s 
of  the  system,  such  modifications  heing  uubjcct  to  the  condition  of 
disappeAring  at  the  limits  !„  and  /,  of  the  integral,  exactly  as  in  the 
analogous  principle  of  Hamilton  in  mechanics.   'ITie  principle  of  icro 
variation  just  announced,  and  which  we  will  consider  as  the  result  of 
an    induction   based  entirely  on  electromagnptic  principles,  allows 
\xs  In  fact  to  find  three  of  Hertz's  equations,  if  we  admit  the  three 
others  as  an  imposed  interconnection  of  the  system,  and  furnishes  in 
the  moM  simple  manner  the  solution  which  we  have  obtained  for  the 
first  problem  hy  incana  of  these  equations.    Moreover,  the  motion  of 
the  electrons  supposed  given  only  at  the  times  iff  t^  comes  into  the 
intcf^ral.  and  the  condition  that  this  raust  be  stationary  allows  us 
to  find  the  law  of  the  motion  during  the  interval,  by  starting  from 
a  principle  whose  signification  is  purely  electromagnetic.    Wc  obtain 
thus  exactly  the  results  of  Max  Abraham;  the  equations  of  motion 
contaJn  terms  which  depend  5irst  on  the  motion  of  the  electron,  and 
arc    proportional,  in  the  hypothesis  of  quasi-stationsr}'  motion,  to 
its  acceleration,  having  coefficients  that  arc  functions  of  the  velocity 
which  wc  will  call  the  longitudinal  and  transverse  masses  of  the 
lectron;  also  some  terms  depending  on  the  charge,  and  on  the  cx- 
'^temal  fields,  which  we  wilt  call  the  forces,  and  we  find  that  they  coin- 
cide with  those  given  by  I>orent7.  The  external  motion  of  the  electron 
is  thus  determined  by  the  actual  electromagnetic  state  of  the  aj-stem. 
(27)  The  process  in  the  Electron.  In  order  to  simplify  the  analysis 
and  to  ovoid  considering  the  motion  of  rotation  of  the  electron,  1  will 
consider  it  ns  a  cavity  in  the  ether;  the  volume  integrals  which  express 
the  energies  W^,  W^  of  the  electric  and  magnetic  fields  extend  only 
over  the  space  external  to  the  surface  which  bounds  the  cavity.   We 
I  can  suppose  as  a  special  condition  outside  of  the  electric  charge  that 
the  form  of  this  surface  is  fixed,  spherical  for  example,  due  to  an 
unknown  action  of  nature,  and  wc  find  the  equations  of  Abraham 
for  the  longitudinal  and  transverse  masses  of  a  spherical  electron. 

But  we  can  suppose  a  more  simple  condition,  implying  only  a  fixod 
volume  of  the  cavity  on  account  of  the  incompressibility  of  the  ex- 
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tcra&l  ether;  if  wc  seek,  then,  what  is,  id  the  case  of  untfonu  tran»> 
lation,  th«  form  that  the  electron  would  Bponttineously  take  in  order 
to  satJsfy  the  condition  of  zero  varintion,  we  find  pretMBely  the  oblal« 
ellipsoidal  form  assumed  by  Lorenta,  with  this  difference,  that  the 
equatorial  diameter  Increases  with  the  velocity  instead  of  remaining 
constant,  ua  Lorentz  considers  iti  this  constancy  implies  a  diminution 
of  the  volume  as  tlie  velocity  increases.  The  cquaiioua  which  expresa 
in  this  case  the  variation  of  the  lonj^itudinal  and  trAnsvorsc  mass 
with  the  velocity  arc  different  from  those  of  Abraham  and  Lorenta, 
although  giving  always  an  indefinite  increase  of  the  two  masses  as 
the  velocity  approaches  that  of  light. 

The  equations  thus  obtained  for  the  ratio—  of  the  transverse  m&ss 

m,  the  only  one  so  far  acccsfliblc  to  experiment,  to  the  mass  ntf  for 

very  small  velocitit*,  as  a  function  of  the  ratio  P  =  y  of  the  velocity 

of  the  electron  to  that  of  light  are: 
(1)  Invariable  spherical  electron, 

2.3     l-;9 


(2)  Variable  Electron 


m 


Equatorial  diameter  constant  —  -  (1  — j9*) 


Volume  constant 


Mi, 


mo     ^ 


(28)  Comparison.  The  reeearches  of  Kaufmann  are  not  yet  exact' 
enough  to  determine  which  of  these  equations  represents  most  nearly 
the  experimental  variation  of  the  ratio  ^  with  the  velocity.  In 
order  to  make  the  comparison,  1  have  used  a  process  similar  to  that 
of  Kaufmann,  who  eliminated  the  twoclcetric  and  magnetic  fields  used 
to  deviate  the  /9  rays,  seeking  to  obtain  the  best  coneordnnce  pos- 
sible between  the  experimental  variation  of  ^  and  the  theoretical 
variation  calculated  on  the  hypothesis  that  the  mass  is  entirely 
electromagnetic. 

In  order  to  make  this  elimination,  I  draw  the  two  experimental  and 
theoretical  curves  representing  ^  as  a  function  of  /?,  on  Ingaritbmie 
co5rdinates,and  seek  for  what  relative  positions  of  the  curves  we  ob- 
tain the  best  correspondence.  The  resulls  are  pven  for  the  three 
theoretical  equations  and  the  same  series  of  experimental  values. 
The  experimental  points  corrcaponding  to  four  different  series  are 
given  by  Kaufmann,  and  we  ace  that  they  correspond  equally  well 
with  the  three  theoretical  curves. 
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The  more  important  values  from  the  point  of  view  of  choice  of 
equations  are  those  corresponding  to  values  of  the  velocity  very  near 
to  that  of  light,  and  which  amounted  to  ninety-five  per  cent  of  it  in 
Kaufmann'a  cxpcrimcnl^.  But  the  ^  rays  &re  then  very  little  devi- 
ated, aud  exact  m.casuremeiits  arc  extremely  difficult. 

It  would  be  extremely  importftiit  to  determine  the  longitudioaJ 
mass  by  the  use  of  an  intense  electric  field  pflrallel  to  the  velocity  of 
theelectron.  furnishing  to  it  a  known  energy  and  producing  a  variation 
of  the  velocity,  which  if  measured  would  give  the  longitudinal  mass. 

(29)  Matter  and  Electrons.  TJut  if  the  accuracy  of  experiment  is 
not  sufficient  to  detormino  completely  the  law,  the  agreement  with 
the  equations,  obtained  by  supposing  the  mass  to  be  entirely  eleetro- 
magnctic,  is  so  good  that  wo  can  reasonably  conclude  that  cathode 
particles  constituting  the  fi  rays  have  no  maas  other  than  that  due 
to  their  electrie  charges  or  the  train  which  they  carry  with  them  in 
their  motion  through  the  ether. 

It  is  interesting  to  extend  the  same  result  to  ordinary  matter  by 
conceiving  it  as  mode  up  of  an  aggregation  of  clectrona  of  both 
signs;  it  is  unreasonable  on  the  other  hand  to  apply  to  two  phe- 
nomena so  nearly  Identical  ait  inertia  of  ordinarj'  matter  and  that 
of  the  cathode  particles,  two  entirely  distinct  explanations,  of  which 
the  one,  the  electromagnetic  explanation,  ia  definite  and  confirmed 
by  experiment,  while  the  other  rCBiaind  entirely  unknown. 

The  inertia  of  a  similar  aggregation  of  electrons  should  be  cqufti  to 
the  sum  «(  the  partial  inertias  because  of  the  great  distance  of  the 
electrified  centres  from  one  another  comimriMi  to  their  radii,  which 
one  can  calculate  by  suppotsing  all  their  inertia  electromagnetic. 

In  these  conditions,  the  trains  of  the  difTercnt  electrons  do  not 
interfere  appreciably,  and  we  find  thus  the  law  of  the  conservation 
of  inertia  as  a  consequence  of  the  con3er%'ation  of  the  electrons  in  the 
tranaformations  to  which  matter  ia  subject,  But  the  theorj'  i«  not 
ineumpatible,  on  acuount  of  the  interference  uf  trainit,  with  a  »light 
disagreement  between  the  inertia  of  an  assenililagc  anil  the  sum  of 
the  partial  inertias. 

The  complexity  of  the  atomic  system  to  which  we  are  led,  each 
atom  of  the  molecule  containing  probably  a  very  greiit  number  of 
eloctronB,  seema  also  to  be  a  necessary  eonsefiuence  of  the  com- 
plexity of  the  himinoua  spectnmi  sent  out  from  the  atoms,  by  the 
electrons  which  they  contain,  when  an  external  disturbance  displaces 
the  system  from  it«  state  of  ntnble  periodic  motion.  Tn  -iuch  a  KtuUs 
the  radiutiunti  emitted  by  the  various  elcctrDn.s  on  account  of  the 
acceleration  which  keeps  them  in  their  intermolccular  orbits  com- 
pensate one  another  almost  completely  from  the  point  of  view  of 
energy  radiated;  so  iJiat  there  is  in  general  no  decay  of  the  periodic 
intermolecular  motion. 
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Thb  conception,  this  electronic  theory  of  matt«r  in  which  matter 
hecomcD,  at  least  partially,  sj-nonymous  with  electricity  in  motion, 
ft]^>e«rB  to  account  for  an  enonnous  number  of  facts,  which  increase 
constantly  under  the  efforts  of  physicists  impatient  to  contemplate 
in  a  less  primitive  form  the  syntbests  which  it  promises  to  bring 
forward. 

(30)  StabiKtjf  of  the  Electron.  Tlie  fundamental  conception,  that 
of  the  dectroD,  does  not  go  without  raising  difTiculties  still  ftirthert 
beeidea  the  impoeBibility  already  pointed  out  of  representing  to  our- 
wives  by  mat«rial  images  its  displacement  with  respect  to  the  ether. 
It  seems  neeesBary  to  admit  aomt^thing  el^p  in  it^  Btructure  than  its 
electric  charge,  an  action  whieh  maintains  the  unity  of  the  electron 
and  prevents  its  charge  from  Ijeing  di»sipat«l  by  the  mutual  repul- 
sioDS  of  the  elements  which  couittitulc  it.  Tlic  form  of  the  electron 
is  determined  by  some  relation  which  inAurea  its  stability,  the  con- 
ditioB  of  incomprcfisibility  of  the  medium  being  insufBcicnt,  since 
the  spherical  fonn  porresponds  only  to  unstable  equilibrium  fnr  an 
dsetlified  body  of  given  volume  in  which  no  force  (ippi>ses  the  dt-form- 
Sti(«L 

Tim  condition,  which  belongs  to  some  fundamenlal  property  of 
the  medium,  determining  the  charge  tarried  by  the  electrons,  all 
identical  from  this  point  of  view,  is  perhaps  closely  connected  with 
lie  third  mode  of  activity  of  the  cthor,  a  tliird  form  of  onerEy,  the 
gravitational  form,  of  which  our  principle  of  stationarj-  energ>-  ought 
Jto  lake  aecotmt  by  the  addition  of  terms  to  those  expresRing  the 
dectrotitatic  energy,  but  of  infinitely  smaller  magnitude. 

(31)  GravUatimi.  Gravitation  remains  oiwlimttcly  outside  of  our 
ciectromag:nctic  s>xthcsis;  the  Newtonian  forces  not  only  do  not 
appear  to  be  propagated  with  the  velocity  of  light,  but  also  it  seems 
difficult  to  found  them  on  ctcctromagnetism  without  modifying 
profoundly  our  fundamental  ideas  in  regard  to  field  and  quantity 
of  electricity  and  the  possibility  of  an  attraction  of  one  aggregation  of 
neutral  electrons  for  another  aggregation  of  the  mime  nature. 

It  appears  pmbuble  that  gravitation  results  from  a  mode  of  activity 
of  the  ether  and  a  property  of  electrons  entirely  different  from  the 
electromagnetic  mode,  and  we  must  admit  besides  electric  and  mag- 
netic enei^ies,  a  third  distinct  form,  that  of  gravitation. 

It  remains  to  understand  how  it  is  possible,  and  what  is  the  sig- 
nificance of  the  equivalence,  the  passage  of  this  third  form  into  one 
of  the  first  two.  Also  we  are  no  more  capable  of  understanding,  out^ 
&dc  of  the  formal  equations  which  express  it,  the  connection 
between  the  electric  and  magnetic  energies  themselves  and  their 
transformations,  the  one  into  the  other,  by  moans  of  the  electrons. 

(32)  An  Experiment  NettMory.  It  does  not  seem  impossible  to 
connect   the  forces  of  cohesion  with  electromagnet  ism,  e-specially 
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from  the  point  of  view  of  the  mutual  attractionfi  which  oriontatioa 
causes  in  the  constitution  of  crystalline  media,  on  account  of  the  j 
complex  electric  and  magnetic  fields  wliicli  surround  a  system  of  | 
electrons  in  its  immediate  vicinity. 

Gravitational  forces  alone  remain  distinct,  superimposed  on  the 
electromagnetic  forces,  and  no  difficulty  eomes  from  tlua  ou  account 
of  the  negative  results  of  the  experiments  undertakeu  tu  show  tha  , 
absolute  motion  of  the  earth.  i 

I'hc  negative  naults  can  be  explained,  as  wc  shall  sec,  if  all  the  ' 
intcnial  forces  of  matter  arc  of  electromagnetic  origin;  but  gravi- 
tational foree.  alone  diEferent,  can  be  superimposed  on  them  without  ; 
introducing  an  appreciable  modification  of   this  result,  for  its  in- 
tensity is  extraordinarily  small  compared  to  electromagnetic  actions, 
even  if  there  is  no  mutual  compensation  between  Ihem,  and  in  all , 
the  experimental  in  (juestion,  interference  of  light  or  equilibrium  of  ■ 
an  elastic  syistcm,  the  gravitational  force*  play  no  appretioble  rOle. 

It  would  be,  indeed,  important  to  obtain  a  condition  in  a  case  of 
equEibrium  where  the  forces  of  gravity  would  play  an  important 
part,  and  if  the  equilibrium  remains  independent  of  the  total  motion 
to  nearly  the  second  order,  if  we  could  only  observe  the  mutual 
motion  to  this  order  of  precision,  it  would  be  necessary  to  conclude 
that  the  forces  of  gravitation  also  are  modified  by  motion  of  trans- 
lation in  the  same  manner  as  the  electromagnetic  forces,  since  the 
cquihbrium  between  the  two  kinds  of  forces  is  not  disturbed,  and  this 
would  be  an  important  indication  of  the  necessity  of  an  clcetro- 
magnetic  reprcsentntion  of  gravitation.  We  would  be  able,  for 
example,  if  the  sensibility  allowed  it,  to  perform  the  experiment  of 
TrouUm  and  Noble  by  suspending  the  condenser  with  a  bifilar  to  | 
the  pan  ttf  a  balance  instead  of  by  an  elaistic  fibre. 

Since  this  test  has  not  been  made,  atnce  experiments  designed  to 
show  the  absolute  motion  have  not  involved  weight,  it  would  be 
more  rengonnblc  to  consider  gravitation  as  a  force  distinct  frqm 
electromagnetic  action,  which  acts  at  the  Interior  of  the  cle-ctrons 
in  order  to  insure  their  stability,  without  its  being  possible  actually  to 
imagine  in  what  manner  we  can  seek  a  more  profound  knowledge  of 
the  ether  and  of  the  electrons  which  it  incloses. 

It  does  not  seem,  in  any  manner  and  for  many  reasons,  that  this 
can  be  of  the  nature  of  a  material  and  mechanical  reprcsentati' 
the  ether. 

VI.   Cathode  Ray$ 


t  this 


k 


(33)  The  Ratio  e/m.  Beforeexaminingtheconsequences  involvedin 
the  electronic  conception  of  matter,  I  should  like  to  examine  a  few 
points  relative  t^  the  electrons  of  two  kinds.  Those  which  we  koow^ 
the  better,  the  more  intimately,  are  the  negative  electrons,  which; 
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are  always  identical  with  one  another  in  all  their  properties,  what- 
cvn  may  be  the  matter  which  has  furnished  them.  We  have  already 
soon  how  the  direct  mea£m«iQ«Dt  of  the  chariKe  leads  always  to  the 
same  result,  The  mass,  both  the  lonptudinal  and  irttnsvcrsc  masB, 
liaviug  the  same  value  for  small  velocities,  can  bo  dotcnnincd  by  the 
measurement  of  the  ratio  of  the  charge  to  the  mass. 

The  results  obtained  for  this  ratio  in  the  case  of  cathode  rays 
show  some  quite  marked  divergences  when  different  methods  of 
measurement  are  employed.  The  first  values  were  given  by  J.  J. 
Thomson  by  combining  the  magnetic  de%Tation  of  the  rays  with  a 
toeasurcmcnt  of  the  onor^y  which  they  possesa  by  means  of  the  heat 
produced  in  a  thermoelectric  couple  which  recoivos  them,  or  by 
combining  this  magnetic  deviation  with  the  deviation  in  an  electro- 
static field.  The  ratio  ^  furnished  by  this  second  method,  the  more 
accurate  of  the  two^  is  approximately  10'  electromsgnetic  units 
C.G.8. 

Anothrr  method  (imt  pointed  out  by  Schuster  was  used  succeflsively 
bj'  Kaufmann  and  Simon.    ]t  consists  in  combining  the  magnetic 
deviation  with  the  meafiuremcnt  of  the  difference  of  potential  under 
which  the  rays  are  produced,  considering  that  this  difference  of  po- 
tential is  that  which  exists  tx'tweon  the  cathode  and  anode.    This 
hypothesis  admitted,  the  method  is  capable  of  great  accuracy,  and 
the  results  which  it  gives  appear  to  agree  with  the  limiting  values,  for 
Bmall  vclocitiea  of  the  ratio  ^  for  the  /5  rays,  although  the  method 
employed  by  Kaufmann  in  this  last  measurement  is  different  from 
that  of  Schuster.    The  number  obtained  by  Simon  is  1.865XI0^ 
nearly  double  that  of  J.  J.  Thomson.    The  explanation  proposed  by 
the  latter  for  this  disagreement,  according  to  which  the  cathode 
rays  are  not  produced  by  the  total  difference  of  potential  between  the 
cathode  and  the  anode,  but  originate  in  a  region  situated  in  front  of 
Vhe  cathode,  does  not,  however,  appear  satisfactory,  since  it  does  not 
account  for  the  constancy  of  the  results  of  Kaufmann  and  Simon 
^when  the  conditions  of  the  experiment,  the  difference  of  potential 
in  particular,  were  varied  between  largo  limits. 

A  means  of  deciding  the  question  would  consist  in  performing  a 

type  of  experiment  already  used  by  Lenard,  by  subjecting  the  cathode 

v&ys,  after  their  production,  to  a  supplementary  and  known  fall  of 

X^tential,  and  determining  by  the  modification  which  would  result 

in  their  magnetic  deviation  the  initial  fall  of  potential  under  which 

they  had  tieen  produced. 

(34)  The  Caihode  Corpuscle.  However  it  maybe,  we  can,  owing 
to  the  resulLt  of  Kaufmann,  affimi  thy  identity  of  the  eailiode  mys 
already  found  independent  of  the  gas  and  the  electrode  contjiined 
in  the  Crookea  tube,  with  the  ^  rays  of  radium.    The  measurements 
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by  J.  J.  Thnmsnn  and  Lenard  of  the  negative  charges  emitted  by 
ft  negatively  charged  mctaUic  eurfacn  under  the  action  of  light  and  of 
those  spontaneously  emitted  by  incandescent  bodies  Bleo  show  an 
identity  with  the  cathode  rays.  W<>hnclt.  has  recently  shown  that  the 
oxides  of  the  alkaline  earths  possess  in  an  extraordinflry  dpgree  this 
property  of  spontaneously  emitting  cathode  rays  at  high  tempera- 
tures, and  fumishca  a  means  of  performing,  on  this  particular  kind 
of  rays,  eimple  and  rxact  mcaRiiremcnts. 

Finally,  we  know  that  the  magnitude  of  the  Zecraan  effect,  in  the 
case  where  the  spectrum  iinee  eonsidered  present  the  appearance  of 
a  normal  triplet,  Ivaiis  to  Iheoonelusion  that  the  light  onrrcKpnnding 
to  these  lines  is  emitted  by  negatively  electrified  centres,  prpj*pnt  in 
matter  and  having  the  same  ratio  ^  as  the  cathode  rays. 

Moreover,  the  magnitude  of  this  ratio,  one  thousand  to  two  thou- 
sand  times  greater  than  for  the  hydrogen  atom  in  electrolysis,  leads 
us,  as  a  consequence  of  the  identity  of  charges  pstahlished  by  Town- 
send,  to  conKidcr  the  mass  of  the  rathnde  corpu-selr  as  one  thousand 
times  smaller  at  least  than  an  atom  of  hydrogen;  a  result  in  perfect 
agreement  with  the  conception  which  makes  material  atoms  an  agglom- 
eration of  cleetrons  of  two  kinds.  On  the  hypothesis  that  the  ma^ 
is  entirely  of  electromagnetic  origin,  the  knowledge  of  the  ratio  ^ 
g^ves  for  the  electron  a  sufficiently  small  radiuB  (10~'*  centimeters 
about)  in  order  to  bo,  conformably  to  our  conception  also,  negligible 
in  comparison  with  atomic  dimonsious. 

(35)  Flames.  The  small  mass  of  the  cathode  corpuscle,  and  the 
possibility  of  separating  from  matter  electrified  centres  a  thousand 
timc«  smaller  than  the  smallest  atom,  is  confirmed  by  the  mobility 
of  the  negative  ions  in  flames.  We  obtain  enormous  mobility  com- 
pared to  that  observed  in  gases  at  ordinary  temperatures,  and  the 
methods  of  the  kinetic  theory  of  gases  permits  us  to  calculate,  by 
means  of  this  experimental  mobility,  thai  the  movable  negative 
centres  in  Sames  have  a  mass  about  a  thousand  times  smaller  than 
the  hydrogen  atom,  and  should  consequently  be  identical  with  the 
cathode  corpuscles.  At  ordtnar>'  temperatures  the  negative  ions  are 
less  mobile  because  the  cathode  corpuscles  surround  themselves  with 
neutral  molecules  by  simple  electrostatic  attraction,  and  form  an 
agglomeration  which  the  feeble  agitation  allows  to  remain  stable. 


VII.  Positive  EkctroTiB  —  a  Rays 

(36)  GcUistein  Rafj$.  a  Rays.  Our  knowledge  of  the  structure  of 
positive  charges  is  much  less  advanced  than  for  the  negative.  Two 
important  cases  show  us  the  existence  of  positively  charged  particles, 
besides  the  positive  ions  in  conducting  gases,  which  at  onlinarj*  tem- 
peratures consist  of  an  agglomeration  of  neutral  molecules  around 
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a  cbsrged  cootre:  these  ar«  the  Kanalstrablcn  of  Goldstein,  an  efflux 
of  positive  charges  toward  Ihc  cstliodc,  the  cloetriv  aud  rcagtietie 
deviations  of  which  lead  to  vaJues  for  the  ratio  of  ^  varying  between 
trid*  Umits,  but  always  several  thousand  times  smaller  than  for  the 
cathode  rays.  The  nuis8of  these  positivecentresiaof  the  order  of  that 
of  the  atoms.    The  o  rays  of  radioactive  bodies,  easily  absorbed,  aud 
particularly  easy  to  observe  in  the  case  of  polonium  and  the  active 
biamuth  of  Aiarckwald.  appear  to  be,  in  fact,  Kanalstrahlen.     The 
maw  of  the  posiUvply  charged  panicles  which  constitute  these  rays  is 
of  the  same  order  as  that  of  the  hydrogen  atom,  and  their  velocity 
dops  not  oxcoed  20,000  to  25,000  kiIomet«T8  per  si^coad,  so  that  it  la 
supossible  to  verify  whether  their  mass  is  entirely  electromagnetic 
or  not.    Grd  we  consider  them  as  electrons  as  simple  as  the  nega- 
tive forpiiscle  iteelf.  or  are  they  of  much  more  complex  structure; 
u%  they,  for  example,  atoms  or  molecules  which  have  lost  a  cathode 
«orpU8Cle? 

(37)  Efeetrom  or  Atoms.  On  the  first  hypothesis,  the  great  mass 
"f  the  posiiive  centres  would  lE>ad  us  to  assign  tlieni  dimensions  much 
<Txialler  than  the  cathode  corpuscles  themselves,  the  electromagnetic 
lUaesof  an  electrified  sphere  being  inversely  proportional  to  its  radius. 
One  is  thus  led  to  the  result  that  an  electron  possesses  inertia,  I  wUl 
not  say  weight,  inversely  proportional  to  its  radius.  H.  A.  Wilson 
thinks  to  find  an  argument  in  favor  of  this  conception  of  a  very  small 
*nd  consequently  very  inert  poKitive  electron  in  the  observation 
that  the  a  rays  are  much  less  easily  absnihed  than  the  ^  rays  of  the 
same  velocity. 

Many  other  reasons  lead  us  to  adopt  the  contrary  hypothesis  that 
an  a  particle  is  very  complex  and  little  different  from  an  atom. 
Hutherford  has  given  serioua  reasons  for  identifying  the  a  porticlo 
with  the  hplitim  atom  deprived  of  a  cathode  corpuscle;   also  Stark 
gi  ves  experimental  reasons  referring  to  the  emissioii  spectra  of  post- 
ti>fe  centres  in  vacuum  tubes,  which  imply  a  t-nrnplex  stnicture. 
f^iiinUy  the  theory  of  the  disruptive  discharge  attributes  the  produc- 
tion of  cathode  rays  in  port  ut  li^aat  t«)  the  impact  aRainut  the  cathode 
•>'"  particles  which  constitute  the  Uoldetcin  rays;  an  electron  smaller 
t*>  an  the  cathode  particle  itself  seems  srarcoly  ublc  to  produce  a  sur- 
face diiiturbanee  sufficiently  intense,  while  on  the  other  hand,  an 
*''t'«[D,  unable  tt>  penetrate  another  atomic  stnintiire,  and  projected 
^^ith  a  high  velocity,  would  ]>roduce  by  its  impact  a  considerable 
^*^*<al  disturbance. 

138)  The  PotUive  charge  of  the  a  Boy*.    It  la  perhaps  by  this  con- 

*»<ierable  disturbance  produced   by  the  a  or  canal  rays  in  matter 

^'"fcich  they  meet  that  one  can  explain  the  interesting  fact  that  the 

l^caitive  charge  of  the  a  rays  has  not  been  directly  shown  so  far  by 

^hc  iicgati%"e  charge  which  a  polonium  salt  should  spontaneously 
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Acquire  if  it  omils  only  a  rays.  However  high  may  be  the  vacuum 
around  a  piece  of  radioactive  bismuth,  or  polonium,  it  lioes  not 
acquire  any  charge,  and  loses  rapidly,  on  the  contrary,  its  positive  or 
negative  charge.  Pneuibly  one  might  explain  this  diachurge  by  the 
ionizing  action  of  the  a  ray&  on  the  gas,  however  rare.  The  pas5a{;e 
of  a  particles,  projectiles  of  largo  dimoDSions,  through  the  surface  of 
radioactive  bodies  from  which  they  come,  can  play  the  same  part 
as  the  impact  of  Kanalstrahlen  on  the  surface  of  the  cathode,  and 
cause  the  emission  of  cathode  rays  of  very  little  penetrating  power, 
whose  presence  would  suffice,  added  to  that  of  the  a  rays,  to  prevent 
any  permanent  charge  of  the  radioacti%*e  body ,  whatever  may  be  ite 

Bign-  j 

(39)  The  Positive  Elfcirona.    If  the  positive  centres,  a«  wo  knowj 

ought  not  to  be  represented  as  free  electrons,  it  seems,  however, 
necessary  to  admit  the  presence  of  probable  electrons  which  cause  the 
neutralization  of  the  negative  charges  in  the  atomic  stnicture,  but 
which  for  some  reason  come  out  of  this  structure  with  extreme  diffi- 
culty, contrary  to  what  is  the  case  for  the  negative  centres.    Mor«-;< 
over,  it  would  appear  necessary  iu  order  that  the  theory  of  metals, 
which  ascrilicB  their  conductivity  to  the  presence  of  free  electrified 
centres  moving  under  the  action  of  a  field  can  take  account  of  all  thai 
facts,  the  Hall  effect  in  particular,  of  variable  sign  in  different  metals, 
that  the  centres  of  two  kinds  coexist  in  the  metal,  free  to  move  about 
in  all  directions.    These  positive  centres  do  not  appear  to  be  the 
metallic  atoms  themselvea,  neceeisarily  immovable  in  order  to  mun-jr 
tain  the  solid  framework  of  the  metal.  It  is  pob^ible  that  the  positive! 
electron,  which  no  known  action  in  a  gas  can  maintain  separate] 
from  the  atomic  matcriul,  may  be  free  in  large  numbers  in  ihe  en-J 
tiroly  different  medium  which  constitutes  the  metal.  Many  problcmij 
present  themselves  here  on  the  subject  of  the  nature  of  the  positivfljj 
charges. 


Vin.  Theory  of  Matter.  Radioactivity 

(40)  Atomic  Instalniit}/.    Let  us  examine  now  a  little  more  clnselyJ 
the  conscquenrcs  to  which  we  are  led  by  the  conceptjon  of  matte 
as  made  up  of  electrons  of  two  signs,  of  atoms  formed  of  electrified 
bodies  in  motion  under  theirmulual  actions.   From  the  first,  — outside 
of  gravitation,  whose  intensity  is  infinitely  emM  compared  to  tlug 
electromagnetic  forcen  in  thejnterior  of  atoms  which  determine  all 
the  physical  and  chemical  changes  of  state,  —  the  elementary  laws  of 
action  reduce  to  theforcesof  Lorents,whichnltowus,aswe  ha'veseenjj 
to  calculate  the  acceleration  to  which  an  electron  is  subjected  as 
function  of  the  electric  and  magnetic  fields  produced  by  the  other 
electrons  at  tho  point  where  the  first  electron  is  situated.  Ia  the  caaei 
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where  the  acceleration  is  sufficient  for  it  to  rudiate  od  appreciable 
eneigy  to  a  distance  by  means  of  the  acceleration  wave,  it  is  probably 
neeeiBary  to  bring  iu,  by  other  lerms  in  the  equation  of  motion  of  the 
electron,  some  forces  by  which  it  can  receive  again  the  eocrgy  which 
It  radiates,  and  which  disappear  in  the  case  of  qiiasi-Btationnry 
motion.  It  does  not  8e«m,  however,  in  any  experimental  case  that 
tfaeee  corrective  terms  can  become  appreciable. 

Fromtbe  same  pointof  view,  the  electrona  in  periodic  motion  in  the 
material  atom  are  neceeaarily  subject  tlir^^ugbout  their  eloeed  orbits 
to  accelerations  which  are  accompanied  by  a  radiation  of  energy 
bOTTOwed  Irom  the  internal  electric  and  magnetic  energy  of  the  atom. 
This  radiation  must  be  extremely  small,  as  in  the  simple  case  of  sev- 
eral cathode  corpuscles  circulating  at  equal  distances  in  the  same 
orbit,  and  can  be  compensated  for  by  energy  obtained  from  external 
radiation.  We  can  suppose  that  this  continual  radiation,  much  more 
important  naturally  when  the  atom,  as  the  result  of  external  shock, 
is  displaced  from  its  most  stable  equilibrium,  is  a  catise  of  decay  to  th« 
atomic  structure  and  which  at  the  end  of  a  certain  length  of  time 
ought  necessarily  to  give  the  structure  a  fundamental  rearrange- 
ment, as  a  top  falls  when  its  rotation  has  sufhciently  diminished  in 
vdocity.   A  condition  of  instability  is  thus  reached,  the  consecutive 
rearrangement  being  accompanied  by  a  violent  projection,  of  certain 
electrified  centres  from  the  atom.  This  conception  furnishes  at  least 
to  image  of  radioactive  phenomena,  and  the  successive  transforma^ 
tions  in  the  life  of  an  atom,  an  hypothesis  of  which  has  been  advanced 
by  Rutherford.    It  seems,  however,  that  it  is  not  necessary  to  admit 
a  probable  decay  of  atomic  structures,  sensiblo  only  for  radioactive 
aubetances.  The  fact  that  the  dispersion  takes  place  as  a  function  of 
the  time  according  to  a  rigorous  exponential  law,  the  quantity  which 
ia  destroyed  in  agiventime  being  exactly  proportional  to  the  quantity 
present,  seems  to  indicate  that  the  substance  not  destroyed  remains 
identical  with  itself.  Perh&pa  the  reorganization  of  the  atomic  struc- 
ture might  result  from  its  accidental  passage  through  a  particularly 
Xinstablo  configuration,  the  probability  that  a  like  configuration 
should  tw  reproduced  being  independent,  in  the  mean,  of  the  previous 
liiatory  of  the  atom,  and  the  mean  life  of  the  latter  would  be  short  in 
proportion  as  this  probability  is  great, 

(41)  InUmal  Energy  and  Urat  »rt  Fret.  A  very  simple  calculation 
chows  also  that  the  stock  of  energy  repre-«ented  by  the  electric  and 
magnetic  fields  surrounding  the  electrons  contained  in  an  atom  ia 
sufficiently  great  to  supply  for  ten  million  years  the  evolution  of  heat 
discovered  by  Curie  in  the  radium  salts.  As  it  appears  now  well 
established  that  the  mean  life  of  a  radium  atom  is  of  the  order  of  a 
thousand  years,  it  results  that  the  ten-thousandth  part  only  of  this 
reserve  of  energy  is  utilized  during  this  especially  active  period  in 
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th«  life  of  the  alow.  There  is  then  no  diiScuJty  in  conceiving  how  the 
enormous  evolution  of  heat  by  radium  can  be  ascribed  to  its  internal 
energy. 

No  atom  being  free  from  this  loss  of  energy  due  to  the  radiation 
of  the  electrons,  one  ought  to  expect  on  this  hypothesis  of  decay  a 
universality  of  radioactive  phenomena,  the  atoma  which  we  con- 
sider as  actually  atuble  suffering  only  an  extraordinarily  slow  waat«. 


IX.  Electric  Propertiet 

(42)  Polarisation.  It  remains  now  to  show  in  a  few  words  how 
the  preceding  conceptions  lend  theinaelvefi  easily  to  a  representation 
of  the  principal  electric  and  magnetic  properties  of  matter  and  make 
possible  for  (he  first  time  a  theory  of  the  disruptive  liischurge  and 
of  metallic  conduction. 

A  common  property  of  all  forms  of  mutter  is  electrostatic  polnria- 
ation  arising  from  the  variation  of  the  specific  inductive  power  with 
the  nature  of  the  subKtanee. 

This  polarizfttion  results  m  a  manner  quite  natural  by  the  modi- 
fication which  an  external  electric  field  produces  in  the  motionii  of  t^e 
electron  which  constitute  the  atom.  This  modification  is  caused  in 
the  mean  by  an  excess  of  positive  centres  on  the  side  where  the  6eld 
tends  tu  displace  them  and  by  an  excess  of  uegalive  coiitros  on  the 
opposite  side.  The  system  takes  then  on  the  average  an  electrostatic 
polarixation. 

(43)  C'orpuscuiar  Dissocialions.  If  the  electric  field  becomes  suf- 
ficiently intense,  as,  for  example,  during  the  passage  of  one  of  thoee 
brief  puUations  which  constitute  the  Roentgen  rays,  or  during  the 
passage  through  the  atomic  structure  of  an  a  or  ^  particle  of  very 
great  velocity,  the  modification  produced  may  be  very*  great,  a  cathode 
corpuscle  may  be  separated  from  the  structure  which  remains  posi- 
tively charged;  there  vt  produced  thus  a  corpuscular  dissociation 
which  explains  the  conductivity  acqutied  by  Insulating  mediums 
under  the  action  of  Roeutgen  or  Becqucrel  rays,  and  which  manifeets 
itself  eapecially  in  gases,  where  the  electrified  centres  thus  freed  can 
move  more  easily,  although  by  electrostatic  attraction  on  the  neutral 
molecules,  electrically  pnlarizable,  they  surround  themselves  with 
B  group  of  molecules  which  accompany  them  during  their  motion. 

It  seems  well  established  that  the  negative  ions  in  particular,  also 
produced  in  a  gus,  have  a  cathode  corpuscle  for  centre,  since  the  pene- 
tration of  cathode  rays  Into  a  gas  produces  in  it  negative  ions  identical 
with  those  of  Roentgen  raya,  at  least  from  the  point  of  view  of  their 
mobility  or  of  their  power  of  condensing  su[)er88turated  water  vapor. 
It  seems,  nevertheless,  important  to  make  sure,  by  measuring  the 
mobility  of  ion!)  produced  by  diFFerent  causes  in  the  interior  of  gases, 
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vhether  the  differences  vrhich  appear  to  exist  are  real  and  an 

caused  by  the  difference  in  the  molecules  which  adhere  to  them,  or 

'are  due  to  the  electrified  centres  which  serve  as  the  nuclei  for  them. 

(44)  Mobiliiy  and  Recombination.  It  is  equally  itnpartuot  to  be 
.able,  by  meaeurement  of  mobility,  to  follow  the  modification  which 
"1  change  of  temperature  produces  in  the  size  of  the  agglomeration 

Ud  to  connect  the  ions  obserx-ed  at  ordinar)*  t«mpcrntures  with 
tiie  incomparably  more  mobile  ions  which  we  observe  in  liames,  and 
which  appear  to  be  made  up  of  single  electrical  ceutrea,  catliode  cor- 
puscles and  perhaps  a  particles. 

The  rate  of  recombination  of  ions  is  as  yet  not  well  known  in 
respect  to  the  variations  with  pressure  and  temperature,  although 
it  certainly  plays  an  essential  part  in  the  phenomena  of  disruptive 
discharge  through  gase9  at  low  presauree;  it  would  be  desirable  If 
this  point  were  better  fixed. 

(45)  loniioticn  by  Impact.  Every  actual  theory  of  the  disrup- 
tive discharge  rests  on  the  conception  that  the  impact  of  an  electri- 
fied particle  in  sufficiently  rapid  motion  against  a  molecule  can  cause 
corpuscular  dissociation. 

This  idea  was  a  natural  consequence  of  the  known  fact  that  cathode 
and  Becquerel  rays,  made  up  of  similar  particles,  make  a  giLS  through 
which  they  pass  a  conductor.  If  the  corpuscular  diseu)ciution  pro- 
duces in  the  gaa,  separated  from  the  molecule,  a  cathode  corpuscle 
and  a  positive  rcaridue,  these  fragments  can,  if  a  miffieietitly  intense 
cleciric  field  exists  in  the  gaa,  acquire  a  velocity  great  enough  to  act 
aa  ^  or  a  rays  and  cause  from  point  to  point  a  rapid  increase  in  con- 
ductivity. 

Townsend  has  shown  how  this  consequence  is  capable  of  exact 
experimental  verification,  and  he  has  found  that  between  certun 
limits  of  velocity,  each  impact  between  the  cathode  corpuscle  and 
et  molecule  result.a  in  a  corpuscular  dissociation  of  the  same  kind. 
Tho  velocity  acquired  ought  not,  however,  to  exceed  a  certain  limit 
twyond  which  the  negative  corpuscle  or  ^  particle  passes  through 
%he  atomic  edifice  without  producing  a  sensible  disturbance  in  it. 

In  order  that  a  disruptive  discharge  may  exist  without  an  external 

«»UBe  to  maintain  the  production  of  the  first  electrified  centres,  it  is 

Xieoessary  that  the  positive  centres  e^hould  be  able,  like  the  negative, 

«ltbougb  with  more  dilGculty,  to  produce  corpuscular  disftociation 

At  the  moment  of  their  impact  with  the  molecules,  as  this  latter 

vauMS  the  conductivity  produced  in  gases  by  the  a  raya. 

Townsend  has  been  able,  in  support  of  tliis  hypothesis,  to  deter- 
mine the  exact  moment  when  the  disruptive  phenomenon  is  pro- 
duced, and  to  analyse  the  mechanism  of  it. 

In  addition  to  this  fundamental  conception  of  ionization  by  impact, 
the  tlieory  of  the  disruptive  discharge  has  yet  much  progress  to  make. 
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The  extremely  viuied  oepccts  which  this  discharge  takes,  the  pro- 
duction nf  etriations,  an  explaofition  of  which  v.&s  Grst  given  by 
J.  J.  Thomson,  the  infiucncc  of  a  magnetic  field  on  the  conditions  of 
the  discharge,  the  phenomena  that  arc  produced  when  the  electrodes 
are  only  of  the  order  of  a  micron  iipart,  where  the  molecules  do  not 
appear  to  take  part  in  the  production  of  the  spark,  are  many  of  the 
essential  points  which  to-day  attract  attention. 

(46)  Tkn  EUrtric  Atc.  By  the  side  of  the  ordinary  disruptive 
discharge,  by  bnish  or  spark,  the  electric  arc,  with  an  entirely  differ- 
ent aspect,  brings  in  the  new  phenoraenon  of  the  emission  of  cathod^e 
corpuscles  by  the  surface  of  incandescent  bodies.  This  incandescence 
of  the  cleclrodc,  of  the  cathode  citpecially,  is,  in  fact,  charBct^ristic  of 
the  arc  discharge;  the  cathode  is  raised  to  a  sufficiently  high  tem- 
perature by  the  impact  of  the  positive  ions  which  flow  toward  it, 
8o  that  the  corpuscles  present  in  the  electrode,  and  which  give  it  it« 
conductivity,  experience  a  true  evaporation  end  carry  the  greater 
part  of  the  current.  In  fact,  a  tilamGnt  of  tncand(.>£cent  carbon  is  able 
to  emit,  at  a  much  lower  temperature  lUan  that  of  the  voltaic  arc, 
cathode  corpuscles  representing  a  current  density  of  two  amperes 
per  square  centimeter. 

(47)  EeapoToiionojlheCathode.  Thisphenomenon, known  underthe 
name  of  the  Edison  effect,  b  very  general  and  has  been  connected  in 
fi  quantit-ative  manner  by  Richardson  on  the  fundameDtuI  hypothesis 
of  the  kirwlio  theory  with  the  presence  of  freely  moving  cathode 
particles  in  the  interior  of  conductors. 

At  ordinary  temperatures  this  emission  of  corpuscles  is  diminished 
to  such  an  extent  ttmt  electrostatics  is  possible  and  a  metal  can 
keep  a  pemvanent  charge.  Every  corpuscle  pnacrit  in  the  metal  is 
immersed  in  a  medium  of  high  specific  inductive  capacity,  and  a 
finite  umoiiiit  of  work  ia  necessary  to  make  them  pa-ss  from  tliis 
medium  to  a  region  where  the  spccifie  inductive  capacity  is  equal 
to  unity.  Only  ihe  corpuscles  having  a  sufficient  velocity  would  be 
able  to  supply  this  work  <m  Icax'ing  the  conductor,  and  their  num- 
ber, absolutely  negligible  at  onlinary  temperatures,  increases  with 
extreme  rapidity  with  the  riae  in  temperature.  Richardson  has 
shown  that  the  variation  obtained  by  experiment  agrees  vcrj'  well 
with  that  pre(!icte<i  by  theory. 

(4fi)  Metals.  The  spontaneous  dissociation  of  atoms  which  the 
kinetic  theory  impllex,  the  separation  of  electrified  centre-s  free  to 
move  in  the  interior  of  the  metal,  is  a  consequence  of  the  high  specific 
inductive  capacity  of  the  medium,  of  the  case  of  elcctrostatie  polar- 
ijation  of  metals,  owing  to  the  case  with  which  the  metallic  atoms 
lose  corpuscles  in  order  to  remain  positively  charged.  The  potential 
energy  of  an  electrified  particle  in  such  a  medium  is  much  smaller  than 
anywhere  else,  and  conformably  with  the  laws  of  the  distribution  of 
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energy  given  by  Ihe  kinetic  theory,  the  free  particles  ought  to  be 
■Don  numerous  in  it. 

(49)  Chemical  Phenomena.  It  U 1)^  an  action  af  the  same  kind  that 
"water,  of  great  spccifi«  iiuluctivc  capacity  (smaller,  however,  than 
that  of  mctala)  rausca  thu  ek-ctro lytic  dissociation  of  salta  that  an- 
<iissolvcd  in  it;  it  would  be  of  great  interest  to  determine  the  relation 
Ijelveen  this  electrolytic  disHOciation,  eKpeciully  of  liquid  conductors, 
and  the  corpuscular  dissociation  common  probably  to  gajjea  and 
inetals. 

In  cle)Ctrolytic  dissociation,  the  cathode  corputtctes  lost  by  tlit- 
metftUic  atoms,  in«tcad  of  r{rinaiiiiiig  fr^c  as  in  corpuscular  di^eocia- 
lioD,  remain  united  to  an  atom  ur  to  a  radical  to  form  the  negative 
kin  in  eleetPoIytes.  This  question  touche-a  the  relalions  between  our 
actual  ideas  and  chemiHtrj',  relations  still  very  nbKvure,  and  which  n 
would  be  very  important  tt>  clear  up.  Tlie  electric  dissociation  pni- 
duoed  In  gaws  by  Roentgen  rayii  does  not  ap]X'ar  connected  with 
any  chemical  modiricalion ;  hnwL-ver,  in  air  all  intt-nsc  ionization  in 
aecompauicd  by  the  forumtiou  of  osonc.  Here  is  a  domain  almost 
entirely  unexplored. 
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X.   Magnetic  Properties 

(fiO)  Amphre  and  Wcher.     However,  the  complex    phenomena  of 
magnetism  and  diamagnetiem  have  seemed  so  far  to  lead  us  to  ex- 
pect more  difficulties,  although  the  electrons  gravitating  in  the  atom 
in  closed  orbits  furnish  at  Brst  sight  a  simple  rcpreaentAtion  of  thr 
nulecular  currents  of  Aiiipi>ro,  capable  of  turning  under  the  action 
of  an  external  magnetic  Qeld  in  onler  to  give  birth  to  induced 
magnetism,  or  of  reacting  by  induction,  according  to  the  idea  of 
Weber,  against  the  external  field  so  as  to  make  the  substance  diu- 
tn&gnetic. 

Those  who  have  tried  to  follow  out  this  idea  have  found  it  so  far 
sterile;  independently,  difloreut  physicists  have  come  to  the  conclu- 
oion  that  the  hypothesis  of  electrons  in  undiminished  motion  cannot 
furnish  a  representation  of  the  permanent  phenomena  of  magnetism 
Or  diamagnetism. 

I  am  enough  of  a  parvenu  to  attempt  to  show,  contrary  to  the 
l>recedingopinion.  that  it  is  possible  to  give,  by  means  of  the  electrons, 
a.n  exact  signification  to  the  ideas  of  Ampfere  and  Weber,  to  6nd 
for  pam-  and  diamagnetism  completely  distinct  interpretations, 
Confonning  to  the  laws  experimentally  established  by  Curie:  weak 
i»Bgnetbm, an  attenuated  form  of  ferromagnetism,  varips  inversely  as 
the  absolute  temperature;  on  the  other  hand  diamagnetism  is  shown 
to  be.  in  all  obser^-ed  cases  with  the  exception  of  bismuth,  rigorously 
iodcpendent  of  the  temperature.   The  theory  which  I  propose  takes 
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eotire  accouul  of  these  facts  and  clears  up  at  the  same  time  the  ooni' 
p!ex  question  of  magnetic  energy. 

I  shall  give  here  only  the  principal  results  of  this  work  which  will, 
be  published  in  full  elsewhere. 

(51)  McUcular  Currents.  An  electrified  panicle  of  charge  e  mov- 
ing with  a  velocity  v  is  equivalent  to  a  current  of  moment  ev.  One 
easily  deduces  from  this  that  a  molecular  current  made  up  of  an 
electron  which  describes  in  the  periodic  time  (  an  orbit  inclosed  by 
the  surface  S  la  equivalent  from  the  point  of  view  of  the  magnetic 
field  produced  to  a  magnet  of  magnetic  moment  M'^^-  normal  to 
the  plane  of  the  orbit. 

There  would  be  a  corresponding  current  for  each  of  the  electrons 
present  in  a  molecule,  and  the  magnetic  momeDt  resulting  from  thesa 
would  be  UTo  or  different  from  zero,  according  to  the  degree  of 
symmetry  of  the  molecular  structure. 

(52)  Dianiagnetism.  If  on  a  group  of  such  molecules  we  superim- 
pose an  external  magnetic  field,  all  the  molecular  currents  experience 
a  modifioation  independent  of  the  manner  m  which  the  superposition 
is  obtained,  whether  by  the  establishment  of  the  field  or  by  motion 
of  the  molecule  in  a  preexisting  field.  The  direction  of  this  modi- 
fication, due  to  the  induction  «xpcrieuccd  by  the  molecxdar  currenta, 
corresponds  always  to  dianiagnetiam,  the  inopease  of  the  magnetic 
moment  being  AM  =  —  "^^  S  in  the  ease  of  a  circular  orbit,  if  is  the 
component  of  tlio  magnetic  held  normal  to  the  plane  of  the  orbit  and 
m  the  mass  of  the  electron  which  describes  the  orbit. 

(53)  The  Afttgnetic  Energy.  When  the  molecule  is  supposed  im- 
movable, the  work  necestuiry  for  the  modification  of  the  molecular 
currents  is  furnished  by  the  electric  field  produced,  according  to  the 
equations  of  HertB,  during  the  uatablisbment  of  the  magnetic  field. 

In  the  opposite  case,  where  the  modification  is  due  to  the  motion 
of  the  molecules,  the  work  is  furnished  to  the  molecular  ourrenta  by 
the  kinetic  energy  of  the  molecule  or  by  the  action  of  neighboring 
molecules.  Tlie  diamagnetic  modification  produced  at  the  moment 
of  the  cstablisiimcDt  of  the  field  continues  in  spite  of  the  molecular 
notation. 

This  modification  i£  manifested  in  three  distinct  ways; 

1.  If  the  resulting  motion  of  the  molecules  is  zero,  the  substance 
is  diamagnetic  in  the  ordinary  sense  of  the  word,  and  the  order  of 
magnitude  of  the  experimental  diamagnetic  conjstanta  is  in  good 
agreement  with  the  hypothesis  of  molecular  currents  circulating 
in  intra-molccular  puthn. 

This  conception  Ica<ls  to  the  law  of  indcptindence  established  by 
Curie  between  the  diamagnetic  constants  and  the  temperature  or 
the  physical  state. 
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2.  If  the  resulting  motion  of  the  molcculos  is  not  aero,  the  iniLia! 
dia-tnagnetic  modificaUon  is  followed  by  an  orientation  of  the  mole- 
cules under  the  action  of  the  external  field,  which  cause  a  para- 
nagnetism  to  appear  that  magics  the  underlying  diamagnetism,  the 
nevF  phenomenon  being  considerable  compared  to  the  fiiat,  when  the 
symmetry  permits  it  to  appear. 

In  sli^tly  pammagnctic  bodie«,  such  as  gaeee,  the  heat  agitation 
is  opposed  to  the  complete  orientation  of  the  molecular  magnets,  to 
saturation,  and  one  finds,  in  seeking  what  permanent  condition  m 
established,  the  law  of  Curie,  that  the  variation  of  paramagnetic 
eoRstsnts  is  in  inverse  ratio  to  the  absolute  temperature. 

3.  Finally,  the  change  of  period  of  revolution  in  consequence  of 
the  dlamagnetio  modification  corresponds  to  the  Zeeman  effect,  as 
eener&l  as  diamagnetism  itself;  iron,  certain  rays  of  which  show  the 
Z<*eman  effect,  ia  diamagnetic  before  the  orientation  of  the  molecular 
Qisgneta  under  the  action  of  the  external  field  makes  it  appear  para- 
nrifignetic. 

The  orbits  considered,  which  represent  the  molecular  currcnt«  of 
A.rap&re,  are  also  the  circuitF  of  zero  resistance  of  the  diamagnetism 
of  Weber,  with  this  remarkable  petuHarity  that  the  fliix  which  pa.>ij:eB 
tlirough  them  is  not  constant,  as  WelKT8uj)iw)sed,  if  the  inertia  of  the 
*l«;troDa  is  entirely  of  electromagnetic  origin. 

1  have  shown,  on  the  other  hand,  that  the  orbits  of  the  elpctrons 
*tJppOBcd  circular,  and  described  under  the  action  of  central  forces, 
experience  no  deformation  during  the  diamagnetic  modification,  this 
la.tter  consisting  only  in  a  change  of  velocity  of  the  electrons  in  their 
c>rhit«.  We  can  thus  form  an  exact  and  simple  eoneeption  of  the  facta 
c>f  magnetism  and  diamagnetutm  by  considering  the  molecular  cii> 
^*^^ta  oa  non-deformahlc  but  movable  currcnta,  of  zero  resBtance  and 
0:S  enormous  sclf-induclioa,  to  which  all  the  ordinary  laws  of  induc- 
^5.cD  are  applicable. 

L  XI.   ConciuMon 

The  rapid  perspective  which  I  have  just  sketched  ia  full  of  pro- 
*-«--»i8e8,  and  I  believe  that  rarely  in  the  history  of  physics  haa  one  had 
^■iift  opportunity  of  looking  either  so  far  into  the  paat  or  so  far  into 
*-^e  future.  The  relative  importance  of  parts  of  this  immense  and 
^*«3arcely  explored  domain  appears  different  to-day  from  what  it  did 
the  preceding  century:  from  the  new  point  of  view  ihe  various 
?:^lan8  arrange  themselves  in  a  new  order.  The  electrical  idea,  the 
^^aet  discovered,  appears  to-day  to  dominate  the  whole,  as  the  place 
^^f  choice  where  the  explorer  feela  that  he  ean  found  a  city  before 
Advancing  into  new  territories. 

_     Tlie  mechanical  facts,  the  moet  evident  of  all  those  of  which  matter 
1,  from  the  first  attracted  the  attention  of  our  ancestors, 
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and  led  them  to  conceive  of  the  notions  of  muss  and  force  which 
appeArpd  a  long  while  ihe  most  fundamental,  those  from  which  all 
the  others  ought  to  nuninutc.  Ab  the  means  of  investigation  have 
:ncrea«cd,  as  the  moru  bidden  facta  have  bvcn  discovered,  wc  have 
thought  for  a  long  while  to  be  able  to  reduce  them  to  the  old  laws, 
to  be  ablo  in  fact  to  find  an  explanation  of  mechanical  origin. 

The  actual  tendency,  of  making  the  electromagnetic  ideas  to 
occupy  the  preponderating  place,  is  justified,  an  I  have  sought  to 
show,  by  the  solidity  of  the  double  huso  on  which  resla  tho  idea  of 
the  electron ;  on  the  one  hand  by  the  exact  knowledge  of  the  electro- 
magnetic ether  which  we  owe  to  Faraday,  Maxwell,  and  Herti,  and 
on  the  other  hand  by  the  experimental  evidence  brought  forward  by 
the  recent  investigations  into  the  granular  structure  of  electricity. 
Moreover,  this  assurance  which  we  express  when  considering  the 
past  is  increased,  if  it  is  possible,  when  we  consider  the  future. 

Already  all  views,  not  only  of  the  ether,  but  of  matter,  source  and 
receiver  of  luminous  waves,  obtain  an  immediate  interpretation 
which  mcchaQics  is  powerless  to  give,  and  this  mechanics  itself 
appears  to-day  as  a  first  approximation,  largely  sufficing  in  all  cases 
of  motion  of  matter  taken  in  mass,  but  for  which  a  more  complete 
expression  must  be  sought  in  the  dynamics  of  the  electron. 

Although  still  very  n'^ccnt,  the  conceptions  of  which  I  have  sought 
to  give  a  collected  idea  are  about  to  penetrate  to  the  very  hcort  of  the 
entire  physics,  and  to  act  as  a  fertile  germ  in  order  to  crystallize 
around  it,  in  a  new  order,  facts  very  far  removed  from  one  another. 

Falling  in  ground  well  prepared  to  receive  it,  in  the  ether  of  Fara- 
day. Maxwell,  and  Herts,  the  idea  of  the  electron,  an  electrified 
movable  centre  which  experiment  to-day  allows  us  to  lay  hold  of 
individually,  constitutes  the  tic  between  the  ether  and  matter  formed 
of  a  group  of  electrons. 

Tim  idea  has  taken  an  immense  d^evelopment  in  the  last  few  yeait, 
which  causes  it  to  break  the  framework  of  the  old  phyuics  to  pieoes, 
and  to  overturn  the  established  order  of  ideas  and  laws  in  order  to 
branch  out  again  in  an  organization  which  one  foresees  to  be  simple, 
harmonioufli  and  fruitful. 
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Since  tho  initinl  discovery  by  Becquerol  of  th«  spontnitoous  omis- 
siOD  of  new  types  of  radintion  from  uranium,  our  knowlcd^o  of  the 
phenomenn  exhibited  by  uranium  and  the  other  radioactive  bodies 
his  grown  with  great  and  ever  increasing  rapidity,  and  a  very  large 
mass  of  experimental  facta  has  now  been  accumulated.  It  would  be 
impossible  within  th«  limits  of  this  article  even  to  review  briefly  the 
more  important  cxpcrimontnl  facts  «OQncct«d  with  the  Bubjoct,  and, 
in  addition,  such  a  roview  is  rendered  unnecessary  by  the  recent  pub- 
lication of  several  treatises'  in  which  the  main  facts  of  radioactivity 
have  been  dealt  with  in  a  fairly  complete  manner. 

In  the  present  article,  an  attempt  will  be  made  to  discuss  the  more 
important  problems  that  have  arisen  during  the  development  of  the 
subject  and  to  indicate  what,  in  the  opinion  of  the  writer,  are  the 
subjeetB  which  will  call  for  further  investigation  in  the  immediate 
future. 

n.  Natwe  of  (A«  rtMdiatuma 

The  characteristic  radiations  from  the  radioactive  bodies  are  very 
complex,  and  a  large  amount  of  invaiitigution  has  been  necessary  to 
isolate  the  different  kindn  nf  ruya  and  to  determine  their  apcclfic 
character.  The  rays  from  tho  three  most  tutudicd  rudio-clcments, 
nr&mum,  thorium,  and  radium,  can  bo  8Cpar&t<Ki  into  three  distinct 
types,  known  as  tho  a,  ^,  and  j-  rays. 

The  nature  of  the  a  and  ^  rays  has  been  deduced  from  observations 
of  the  deflection  of  the  path  of  the  rays  by  a  magnetic  and  electric 
field.  According  to  the  electromagnetic  theory,  a  radiation  which 
is  defiectable  by  a  magnetic  or  electric  Geld  must  consist  of  a  flight  of 
charged  particles.  If  the  amount  of  deflection  of  the  rays  from  their 
path  is  measured  when  both  a  magnetic  and  an  electric  field  of  known 
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Btrcngtli  is  applied,  the  value  V  of  the  velocity  of  the  particles  and 
the  ratio  ^  of  the  charge  carried  by  the  particle  lo  its  apparent  mas? 
m  can  be  determined.  From  the  direction  of  the  deviation,  the  9igD 
of  the  electric  charge  carried  by  the  particle  can  be  dedut^ed. 

Examined  in  this  way,  the  (i  rays  have  been  Hhown  to  consist  of 
negatively  charged  partjclcs  projected  with  a  velocity  approaching 
that  of  light.    The  experiineuta  of  Becquorcl  and  Kaufmann  have 
shown  that  the  /?  rays  are  identical  with  the  cathode  ray«  produced 
in  a  vacuum  tube.   This  relatioaship  has  been  established  by  show- 
ing that  the  value  of  „'  is  the  eame  for  the  two  kindtj  of  rays.    In 
both  cosca  the  value  of  ^^  has  been  found  to  be  about  10'  electro- 
magnetic units,  while  the  corresponding  value  of  ^  for  hydrogen 
atom.'?  net  free  in  the  electrolysis  of  water  is  10'.  If  the  charge  on  the 
P  particles  —  or  electrons  as  tliey  may  be  termed  —  is  the  same  a« 
that  carried  by  the  hydrogen  atom,  this  result-  shows  that  the  appar- 
ent mass  of  the  electrons  at  slow  speeds  is  about  ,-^  of  that  of  the 
hydmgen  atom.   The  ^  particles  from  the  radio-elements  are  expelled 
with  a  much  greater  speed  thau  tlie  cathode  ray  particles  in  a  vacuum 
tube.   The  velocity  of  the  ^  particles  from  radium  is  not  the  same 
for  all  porticlea.  but  varies  between  about  10"  and  3  X 10'"  cms.  per 
second.  The  swifter  particles  move  with  a  velocity  of  at  least  95  per 
cent  of  that  of  light.   The  emisaion  by  radium  of  electrons  with  high 
but  different  velocities  has  been  utilized  by  Kaufmann  to  determine 
the  variation  of  ^  with  speed.     He  found  that  the  value  of  £ 
decreased  with  increase  of  velocity,  showing  that  the  apparent  meas 
increased  with  the  !<[>ecd.   By  oompuriaon  of  the  experimental  results 
with  the  mathematical  theory  of  a  moving  charge,  he  deduced  that  the 
mass  of  the  electrons  waa  in  all  probability  electromagnetic  in  origin, 
»'.  c,  the  apparent  mass  could  be  explained  purely  in  terms  of  elec- 
tricity in  motion  without  the  necessity  of  a  material  nucleus  on  which 
the  charge  was  distributed.    J.  J.  Thomson,  Hcaviaidc,  and  others, 
have  shown  that  a  moving  charged  sphere  increases  in  apparent 
mass  with  the  speed,  and  that,  for  sjieeds  small  compared  with  the 
velocity  of  light,  the  increase  of  mass  "t^^  ^^  where  e  is  the  charge 
carried  by  the  body  and  a  the  radius  of  the  conducting  sphere  over 
which  the  electricity  is  distributed.     Kaufmann  deduced  that  the 
value  of  "-  =  1.86x10'  for  electrona  of  slow  velocity.    If  the  mass 
of  the  electrons  is  electrical  in  origin.  It  ia  »een  that  a=10~^'  cms-, 
since  the  value  of  e  — 3.4X10~''  electrostatic  unite.    The  results  of 
various  methods  of  determination  agree  in  fixing  the  diameter  of 
an  atom  aa  about  10~'  cms.   The  apparent  diameter  of  an  electron 
is  thus  minute  compared  with  that  of  the  atom  itself. 
The  highest  velocity  of  the  radium  electrons  meaeured  by  Kauf- 
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iDJJin  was  95  per  cent  of  the  velocity  of  light.  The  power  of  electronB 
of  penetrating  solid  matter  increB.se!i  rapidly  with  the  velncity,  und 
some  of  those  expelled  from  radium  uro  able  to  pcnctruto  thmu^h 
more  than  3  mma.  of  lead.  Il  is  probikblc  that  a  few  of  the  electrons 
from  radium  move  with  a  velocity  still  Rrcater  than  the  highest  value 
obsen-ed  by  K&ufmann,  and  it  is  important  to  determine  the  vHlue 
of  ^  aad  the  velocity  of  such  electrons.  According  to  the  mathemat- 
ical theory,  the  muss  of  the  electron  increases  rapidly  as  the  speed  of 
light  is  approached,  and  should  bo  infinitely  great  when  the  velocity 
of  light  is  reached.  Thin  leads  to  the  conclusion  that  no  charged  body 
an  be  made  to  move  with  a  velocity  greater  than  that  of  light.  This 
nsult  is  of  great  im|>ortance,  and  rctiuircs  further  exf)erImenLal  veri- 
fioaiion.  A  clone  study  of  the  high  speed  eloctrons  from  radium  may 
tlirow  further  light  on  this  question. 

Only  a  brief  jind  imperfect  statement  of  our  knowledge  of  electrons 
lias  been  given  in  this  paper.  A  more  complete  and  detailed  accoxmt 
of  both  the  theory  and  experiment  will  be  given  by  my  colleague, 
Dr.  Laogevin. 

rL  in.  The  a  rays 

The  fi  rays  are  readily  deflected  by  a  magnetic  field,  but  a  very 
intense  magnetic  field  is  required  to  deflect  appreciably  the  a  rays. 
The  writer  showed  by  the  electric  method  that  the  a  rays  of  radium 
yrrnTC  dcflectwl  both  by  a  magnetic  and  electric  field,  and  deduced 
tho  velocity  of  projection  of  the  particles  and  the  ratio  ^  of  the 
charge  to  the  [uaes.  Thedirectionof  deflection  of  the  a  rays  is  opposite 
SjQ  sense  to  the  ;9  raj's.  Since  the  ^rays  carry  a  negative  charge,  the  a 
particles  thus  behave  as  if  they  carried  a  positive  charge.  Tlie  mag- 
netic deflection  of  these  rays  was  confirmed  by  Becquerel  and  Des 
CViudres,  using  the  photographic  method,  while  the  latter,  in  addition, 
showed  their  deflection  in  an  electric  field  and  deduced  the  value  of 
■*he  velocity  and  ^.  The  values  obtained  by  Rutherford  and  Des 
Coudres  were  in  very  good  agreement,  considering  tlic  difficulty  of 
<Dbtaining  a  measurable  deviation. 


Obtmer 

'3tuthcrford 

!D«Coiulmi 


KoJw  0/  Vctodty 

3.5  X  10*  etm.  per  kc. 

1.6  X  10  croj.  per  ■oc. 


ValiaHf- 
in 

6  X  10'  electromagnetic  units 
0  X  10*  electromagnetic  units 


Bince  the  value  of  ^  for  the  hydrogen  atom  is  10*,  on  the  assump- 
tion that  the  a  particle  carries  tJie  same  charge  as  the  hydrogen  atom, 
this  result  shoe's  that  the  apparent  mass  of  the  a  particle  is  about 
twice  that  of  the  hydrogen  atom.  If  the  a  particle  consists  of  any 
IcuowD  kind  of  matter,  this  result  indicAtos  that  it  is  either  the  atom 
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of  hydrogen  or  of  hpliiim.     The  a  particles  thus  consist  of  heavy" 
bodies  projected  with  grp-at  velocity,  whose  mass  is  of  the  same  order 
of  magnitude  as  the  helium  utom  and  at  IciLst  2000  times  as  great  as 
the  apparent  mass  of  the  ^  particle. 

If  the  a  particles  (^arry  a  positive  charge,  it  is  to  be  expected  that  the 
particles,  falling  on  &  hodf  of  sufficient  thicknc&a  to  absorb  them, 
should  under  suitable  eonditions  give  it  a  positive  ehargo,  while  the 
substance  from  whieh  they  are  projected  should  aequire  a  negative 
charge.  The  rorresponding  effect  has  been  observed  for  the  ^  rays. 
The  /9  particles  from  radium  communicate  a  negative  charge  to  the 
Ijody  on  whiph  they  fall,  while  the  radium  from  which  they  are  emit- 
ted acquires  a  positive  ch&Tgc.  This  effect  bae  been  very  strikingly 
shownbyasimpleexperimentof  Stnitt.  The  radium  compound. sealed 
in  a  small  glass  ttibe,  the  outer  surfacG  of  which  is  made  conducting, 
is  insulated  by  a  quartz  rod.  A  simple  gold-leaf  electposcopo  is 
attached  to  the  bottom  of  the  glass  tube,  in  order  to  indicate  the 
presence  of  a  charge.  The  whole  apparatus  is  inclosed  in  a  glass 
vessel,  which  is  exhausted  to  a  high  vacuum,  in  order  to  reduce  the 
loss  of  charge  in  consequence  of  the  ionization  of  the  gas  by  the  rays. 
ifsing  a  few  milligrams  of  radium  bromide,  the  gold  leaf  diverges  to 
ita  full  extent  in  a  few  minutes  and  shows  a  positive  eharge.  The 
explanation  is  simple.  A  large  proportion  o{  the  negatively  charged 
particles  ore  projected  through  the  glass  tube  containing  the  radium, 
and  a  positive  charge  is  left  bcliind.  By  allowing  the  gold  leaf,  when 
extendetl,  to  touch  a  conductor  connected  to  earth,  the  gradual 
divergence  of  the  leaves  and  their  collapse  becomes  automatic,  and 
will  eontinuo,  if  not  indefinitely,  at  any  rate  for  as  long  a  time  as  the 
radium  lasts. 

When  the  radium  is  exjwsed  under  similar  conditions,  but  un- 
screened in  order  to  allow  the  a  particles  to  escape,  no  such  charing 
action  is  observed.  This  is  not  due  to  the  equality  between  the  num- 
ber of  positively  and  negatively  charged  particles  expelled  from  the 
radium,  for  no  effect  is  observed  when  the  radium  is  temporarily 
freed  from  its  power  of  emitting  /?  rays  by  driving  off  the  emanation 
by  heat.  Tlie  writer  recently  attempted  to  delect  the  charge  carried 
by  the  a  rays  from  radium  by  allowing  them  to  fall  on  an  insulated 
plate  in  a  vacuum,  but  no  appreciable  charging  was  observed.  The 
fi  rays  were  temjwrarily  got  rid  of  by  heating  the  radium  in  order  to 
drive  off  its  emanation.  There  was  found  to  be  a  strong  surface  ion- 
ization set  up  at  the  surface  from  which  tlie  ray.i  emerged  and  the 
surface  on  whieh  they  impinged.  The  presence  of  this  ionization  causes 
the  upper  plate  to  lose  rapidly  a  charge  communicated  to  it.  Although 
this  action  would  mask  to  some  extent  the  effect  to  be  looked  for,  a 
measurable  effect  should  have  been  obtained  under  the  experimental 
conditions,  if  the  a  rays  were  expelled  with  a  positive  charge;  but  not 
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the  slightest  cvidcnct  of  a  charge  was  obscn'cd.   I  understand  that 
sdmilOT  negative  results  have  been  abluintKl  by  other  observers. 

This  apparent  absence  of  charge  carried  by  the  a  rays  is  very 

n-niarkahle  and  difficult  to  account  for.    There  is  no  doubt  that  the 

o  {>articip!i  h€ha\x  as  if  they  carried  a  positive  charge,  for  sevpral  ob- 

em-rra  have  ahown  that  the  a  ray«  arc  deflected  by  a  magnrtic  finld. 

It  ia  interesting,  in  this  connection,  that  Wicn  was  unable  to  detect 

that  the  "canal  raj-a"  carried  a  charpc,    Theae  rays,  diacovcrcd  by 

Cjoldstein,  are  analogous  in  many  respects  to  the  a  rays.    They  arc 

slightly  deflected  by  a  magnetic  and  clcctrie  field,  and  behave  like 

positively  charged,  bodies  atomic  in  size.    The  value  of  ^  is  not  a 

constant,  but  depends  upon  the  nature  of  the  gas  in  the  tube  through 

'which  the  discharge  is  passed.    The  apparent  absence  of  charge  OQ 

the  a  particles  may  possibly  be  explained  on  the  supposition  that 

a  negatively  charged  panicle  (an  electron)  is  always  projected  at  the 

same  time  &5  the  positively  charged  particle.   Such  electrons  if  they 

,Arc  present  should  be  readily  bent  back  to  the  surface  from  which 

they  came  by  the  action  of  a  strong  magnetic  field.   It  will  bo  of  in- 

tercat  to  examine  whether  the  charge  carried  by  the  a  rays  can  be 

L  detected  under  such  conditions.  Another  hj'pothesia,  which  has  some 

points  in  its  favor,  is  that  the  a  particles  are  uncharged  at  the  mo- 

meot  of  their  expulsion,  but.  in  consequence  of  their  collision  with 

•  Ibe  molecules  of  matter,  lose  a  negative  electron,  and  consequently 

'acquire  a  positive  charge.    Thi£  point  is  at  present  under  examin- 

atioD.    The  question  is  in  a  very  unsatiafactor>-  state,  and  requireti 

^further  Investigation. 

It  is  remarkabte  that  positive  electricity  is  always  associated  with 
matter  atomic  in  size,  for  no  evidence  haa  been  obtained  of  the  exist- 
ence of  a  positive  electron  corresponding  to  the  negative  electron. 
Tliis  difference  between  positive  and  negative  electricity  is  apparently 
fundamental,  and  no  explanation  of  it  has,  as  yet,  been  forthcoming. 
The  evidence  that  the  a  particles  are  atomic  in  size  maijiiy  rests  on 
(he  defleetioii  of  the  path  of  the  rays  in  a  strong  magnetic  and  electric 
field.    It  !jas,  howe\x'r.  been  suggested  by  H.  A.  Wilson  that  the  a 
particle  may  in  reality  be  a  "positive"  electron,  whose  magnitude 
ia  minute  compared  with  that  of  the  negative.    The  electric  mass  of 
an  electron  for  slow  8])eeda  is  equal  to  \  £.  Since  there  is  every  reason 
to  believe  that  the  charge  carried  by  the  a  particle  and  the  electron 
Xa  the  same,  in  order  that  the  moss  of  the  positive  electron  should 
be  about  2000  times  that  of  the  negative,  it  would  be  necessary  to 
suppose  that  the  radius  of  the  sphere  over  wUieli  the  charge  is  dis- 
tributed IS  only  ^  of  that  of  the  electron,  i.  e.,  about  10~  "  cms. 
The  magnetic  and  electric  deflection  would  be  equally  well  explained 
on  this  view.    This  hypothesis,  while  interesting,  is  too  fsMcaching 
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In  Its  coDsequencea  to  accept  before  some  definite  experimeiilal 
evidence  is  forthcoming  to  support  it.  The  c^ndence  at  present  ob- 
taiDOd  strongly  supports  the  view  that  the  o  particlee  are  in  reality 
projected  matter,  atomic  in  size.  The  probability  that  the  a  particle 
is  an  atom  of  helium  is  discussed  later,  iu  section  vxu. 

Becquerel  showed  that  the  a  rays  of  polomum  were  deflected  by  a 
magnetic  fleld  to  about  the  same  extent  as  the  a  rays  of  radium.  On 
account  of  the  feeble  activity  of  thorium  and  uranium,  compared 
with  radium  and  polonium,  it  has  not  been  found  possible  to  examine 
whether  the  a  rays  emitted  by  them  are  deflectable.  There  is  UttJe 
doubt,  however,  that  the  a  particles  of  all  the  radio-elementa  are  pro- 
jected matter  of  the  same  kind  (probably  helium  atoms).  The  a  rays 
from  the  different  radioactive  products  differ  in  their  power  of 
penetration  of  matter  in  the  proportion  of  about  three  to  one,  being 
greatest  for  the  a  rays  from  the  imparted  or  "iiidueed"  activity  of 
radium  and  thorium,  and  least  for  uranium.  This  difference  is  prob- 
ably miiinly  duo  to  a  variation  of  the  velocity  nf  projection  of  the 
a  particles  in  the  various  eases.  The  interpretation  of  results  is 
rendered  difficuU  by  our  ignorance  of  the  mechanism  of  absorption 
of  the  a  rays  by  matter.  Further  experiment  on  this  point  is  verj- 
much  required. 

It  is  of  importance  to  settle  whether  the  a  particles  of  radium 
And  polonium  have  the  same  ratio  of  ^.  Becquerel  staled  that  the 
amount  of  curvature  of  the  a  rays  from  polonium  in  a  6eld  of  constant 
strength  was  the  same  as  for  the  a  rays  from  radium.  This  would 
show  that  the  product  of  the  mass  and  velocity  is  the  same  for  the 
a  particles  fnim  the  two  substances.  The  a  rays  of  polonium,  how- 
ever, certainly  have  less  penetrating  power  than  thnee  of  radium,  and 
presumably  a  smaller  velocity  of  projection.  This  result  would  indi- 
cate that  ^  is  different  for  the  a  particles  of  polonium  and  radium. 
It  ia  of  importance  to  determine  accurately  the  ratio  of  ^  and  the 
velocity  for  the  rays  from  these  two  substances  in  order  to  settle  thie 
important  point. 

IV.     The  jr  Rays 

In  addition  to  the  a  and  ^  rays,  uranium,  thorium,  and  radUim  nl] 
emit  very  penetrating  rayH  known  as  ;-  rays.  These  rays  are  abont 
lOf^  times  as  penetrating  as  the  /?  rays,  and  their  presence  can  be 
detected  after  passing  through  several  centimeters  of  lead.  Villard, 
who  oriKirifllly  discovered  these  ray«  in  radium,  stated  that  they  were 
not  deflected  in  a  magnetic  field,  and  this  result  has  been  confirmed 
by  other  observers.  Quite  recently,  Paschen  has  described  some 
oxperimcntswhich  led  htm  to  believe  that  the  ;-  rays  ore  corpuscular 
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'a  oh&r&cter,  coiimstiDg  of  negatively  charged  |>article8  (electrons) 

projected  with  a  velocity  ven'  nearly  equal  to  that  of  light.    This 

ttoneluiion  is  based  on  the  following  evjtlence.    Some  pure  radium 

t>-t~omide  was  completely  inclosed  in  a  lead  envelope  1  cm.  thick,  —  a 

tliickneas  sufficient  to  absorb  completely  the  ordinary ;?  rays  emitted 

t>^  radium,  but  which  allows  about  half  of  the  y  rays  to  escape.    The 

'^«d  envelope  was  insulated  in  an  exhausted  vessel,  and  waa  found 

t.«jgain  a  posiUve  charge.    In  another  experiment,  the  rays  escapinju; 

^Wm  Ibe  lead  envelope  fell  on  an  innuluted  metal  ring,  tjurnmading 

'^  lie  lead  envelope.   When  the  air  was  exhausted,  this  outer  ring  was 

^«DUnd  to  gain  a  negative  charge.    Tliesc  experiments,  at  first  sight, 

i-»3dicate  thai  the  y  rays  carry  with  them  a  negative  charge  like  the 

J^  rays.   In  order  to  account  for  the  absence  of  dcBcction  of  the  path 

<^:*  f  the  r  rays  in  very  strong  magnetic  or  electric  fields,  it  is  noceesary 

■t-«>  suppose  that  the  particles  have  a  very  large  apparent  mass.   Pas- 

^=  hen  supposes  that  the  /  particles  negative  are  electrons  like  the^ 

K^aarliclea,  but  are  projected  with  a  velocity  so  nearly  equal  to  that 

^>f  light  that  their  apparent  mass  is  very  great. 

Some  experiments  recently  made  by  Mr.  Eve,  of  McGill  Univera- 
i.  ty,  are  of  groat  interest  in  this  connoction.  He  found  by  the  electric 
%:nethod  that  the  }■  ray.s  set  up  secondary  rays,  in  all  directions,  at  the 
surface  of  which  they  emerge  and  also  on  the  surface  of  which  they 
i.mpin^.  These  rays  are  of  much  less  penetrating  power  than  the 
inimaiy  rays,  and  are  readily  deflected  by  a  magnetic  field.  The 
■direction  of  deflection  indicated  that  these  secondary  rays  consisted, 
*or  the  most  part,  of  negatively  charged  particles  (electrons)  pro- 
jected with  sufhcient  velocity  to  penetrate  through  about  1  mm.  of 
lead.  In  the  light  of  ttiese  results,  the  experiments  of  Poscben  receive 
«  simple  explnnatioQ  without  the  necessity  of  aseuming  that  the  ;-  rays 
of  radium  themselves  carry  a  negative  charge.  The  lead  envelope 
in  his  experiment  acquired  a  positive  charge  in  consequence  of  the 
amission  of  a  secondary  radiation  consisting  of  negatively  charged 
particles,  projected  with  great  velocity  from  the  surface  of  the  lead. 
The  eloctrie  charge  acquired  by  the  metal  ring  was  due  to  the  absorp- 
tion of  these  secondary  rays  by  it,  and  the  diminution  of  this  charge 
in  a  magnetic  field  waa  due  to  the  ease  with  wljich  these  secondary 
lays  are  deflected.  It  is  thus  to  be  expected  that  the  envelope  sup- 
Toaoding  the  radium,  whether  made  of  lead  or  other  metal,  would 
Always  acquire  a  positive  charge,  provided  the  metal  is  not  of  su£- 
ri«nt  thickness  to  abitorb  all  the  r  rays  in  their  paHsage  through  it. 
No  conclusive  evidence  has  yet  been  brought  forward  to  show 
that  the  j-  rays  can  be  deflected  either  in  a  magnetic  or  electric  field. 
In  this,  as  in  other  respects,  the  rays  are  very  analogous  to  the  Roent- 
gen X  rays. 
According  to  the  theory  of  Stokes,  J.  J.  Thomson,  and  Weichert, 
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^  rays  are  tranflversc  pul»es  eet  up  in  the  ether  by  the  sudden  arrest 
.Xl  the  motioD  of  the  cathode  particles  on  striking  an  obstacle.  The 
more  Hudiicn  the  stoppage,  the  shatter  is  the  pulse,  and  the  rays,  in 
consequence,  have  greater  power  of  penetrating  niatier.  In  some 
reeent  experimenta  Barkia  found  that  the  secondary  rays  set  up 
by  the  X  rays,  on  striking  an  obstacle,  vary  in  intensity  with  the 
orientation  of  the  X-ray  tube,  showing  that  the  X  rays  exhibit  the 
property  of  ono-sidcducss  or  pdlarization.  This  is  the  only  evi- 
dence so  far  obtained  in  direct  support  of  the  wave-oature  of  the 
X  rays. 

If  X  rays  are  not  Bct  up  when  the  cathode  particles  are 
Btop|)ed,  conversely,  it  is  to  be  expected  that  X  rays  shnuld  be  set 
up  when  they  are  Euddenly  set  In  motion.  Now  this  effect  is  Dot 
observable  in  an  X-ray  tube,  since  the  cathode  particles  acquire 
most  of  their  velocity,  not  at  the  cathode  itself,  but  in  passing  through 
the  electric  field  between  the  cathode  and  anti-cathode-  It  is,  how- 
ever, to  bo  expected  theoretically  that  a  type  of  X  rays  should 
be  set  up  at  the  sudden  expulsion  of  the  ^  particles  from  the  radio- 
atoms.  The  rays,  too,  should  be  of  a  very  penetrnting  kind,  since 
ftot  only  is  the  charged  particle  projected  with  a  speed  ajiproaching 
that  of  light,  but  the  change  of  motion  must  occur  in  a  distance 
comparable  with  the  diameter  of  on  atom. 

On  tlusview,  the  ^raya  are  a  very  penetrating  type  of  X  rays, 
having  their  origin  at  the  moment  of  the  expuleiuu  of  the^  particle 
from  the  atom.  If  the ;?  particle  is  the  parent  of  the  ;' rays,  the 
intensity  of  the^  and  j'rays  should,  under  all  conditions,  be  propor- 
tional to  one  another.  I  have  found  this  to  be  the  case,  for  the  j  rays 
always  accompauy  tbe^rnye  and,in  whatever  way  the  ;9-ray  activity 
varies,  the  activity  measured  by  the  rf^iys  always  varies  in  the  same 
proportiuQ.  Active  matter  which  does  not  emit  /9  rays  does  not  give 
rise  to  ^ rays.  For  example,  the  radio-tell ur turn  of  Marckwald,  which 
does  not  emit  p  rays,  does  not  give  oft  -j  rays. 

Certain  differences  are  observed,  however,  in  the  ionizing  action  of 
X  and  X  rays.  For  example,  gases  and  vapors  like  chlorine,  sulphur- 
etted hydrogen,  methyl-iodine,  and  chloroform,  when  exposed  to 
ordinary  X  rays,  show  a  much  greater  ionization,  compared  with  air, 
than  is  to  be  expected,  according  to  the  density  law.  On  tlie  other 
hand,  the  relative  ionization  of  these  substances  by  j  rays  follows  the 
density  law  very  closely.  It  seemetl  likely  that  this  apparent  differ- 
ence was  due  mainly  to  the  greater  penetrating  i>ower  of  the  y  ra^'S. 
This  was  confirmed  by  some  recent  experiments  of  Eve,  who  found 
that  the  relative  conductivity  of  gases  exposed  to  very  penetrating 
X  rays  from  a  hard  tube  approximated  in  most  cases  closely  to  that 
observed  for  the  j  rays.  The  vapor  of  methyl-iodine  was  an  excep- 
tioQ,  but  the  difference  in  this  case  would  probably  disai>pear  if 
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X  nvs  could  be  generated  of  the  same  penetrating  power  tts  that  of 
(he )-  rays. 

The  reeulta  so  far  obtained  thus  generally  support  the  xnew  that 
tfae;Tay8  are  a  typeof  penetrating  X  rays.  This  view  isin  agreement, 
too.  with  theory,  for  it  is  to  be  expected  that  very  penetrating  ^  rays 
aliould  always  appeaj  with  the  ^  rays. 

No  evidence  of  the  emission  of  a  type  of  X  rays  Lb  observed  from 
*<ilive  bodies  which  emitonly  a  rays.  If  the  a  particles  are  initially 
projected  with  a  [lositive  charge,  such  rays  are  to  l»e  expectfid.  Their 
*'l:>«iice  supplies  another  piece  of  evidence  in  support  of  the  view 
^l:Kat  the  a  particle  is  projected  without  a  charge,  but  acquires  a 
E>Y:>s)Uve  charge  in  its  passage  through  matter. 

V.  Emiaaion  of  Energy  hy  the  RadioQctim  Bodies 

It  was  early  recognized  that  a  verj'  active  substance  like  radium 

^^aoitted  eneigj'  at  a  rapid  rate,  but  the  amount  of  this  energy  wa« 

^^^Tf  strikingly  shown  by  the  direct  measurements  of  its  heating 

^Cect  mode  by  Curie  and  Laborde.    They  found  that  one  gram  of 

*~^%dium  in  radioactive  equilibrium  emitted  ahnut  100  gram  calories 

^^t  heat  per  hour.   A  gram  of  radium  would  thu5  emit  S96.000  gram 

*^  «lorie«  per  year,  or  over  200  ttpiea  as  much  heat  as  i3  liberated  by 

^lie  explosion  of  hydrogen  and  oxygen  to  form  one  gram  of  water. 

^TTioy  showed  that  the  rate  of  heat  emission  was  the  same  in  polution 

vXs  in  the  soUd  state,  and  remained  constant  when  once  the  radium 

i^sd  reached  a  stage  of  radioactive  equilibrium.    Curie  and  Dcwar 

allowed  that  the  rate  of  evolution  of  bent  from  radium  was  unaltered 

^Dy  plunging  the  radium  into  liquid  air,  or  liquid  hydrogen. 

It  seemed  prolwble  that  the  evolution  of  heat  by  radium  wn« 

«i3irectly  connected  with  its  radioactivity,  and  the  experiments  of 

^^Elutberford  and  Barnes  proved  this  to  be  the  case.  The  heating  effect 

^laf  a  quantity  of  radium  bromide  was  first  determined.  The  emana- 

"^ioD  was  then  completely  driven  off  by  heating  the  radium,  and  con- 

'Vi^nscd  in  a  small  glass  tube  by  means  of  liquid  air.    After  removal 

^Sf  tbe  emanation,  the  beat  evolution  of  the  radium  in  the  course  of 

■^about  three  hours  fell  to  a  minimum  corresponding  to  one  quarter 

^:z)f  its  original  value,  and  then  slowly  incruasod  again,  re.iching  its 

^original  Talue  after  an  interval  of  about  one  month.  The  heat  emis- 

^fiuon  from  the  emanation  tube  at  &rat  increased  with  the  time,  rising 

"^0  A  maximum  v^uc  about  three  hours  after  its  introduction.  It  then 

^owly  decreased  according  to  an  exponential  law  with  the  time, 

*aUiog  to  half  value  in  about  foiu-  days.   If  Q^^  is  the  maxim^um 

^teating  effect  of  the  emanation  tube,  tbe  boat  emission  Q  at  any 

time  t,  after  the  maximum  la  reached,  is  given  by 

irlnre  i  is  the  codioactivo  constant  of  the  emanation. 
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The  cun'e  expressing  the  recovery  with  time  of  the  heating  effect 
of  radium  from  its  minimum  is  coinp]cmentar>'  to  the  curve  expreae- 
ing  the  diminution  of  the  heating  effect  of  the  emanation  lube  with 
time.  The  curves  of  decay  and  recovery  agree  within  the  limit  of  ex- 
perimental error  with  the  corresponding  cur\-es  of  decay  and  recovery 
of  tht>  activity  of  radium  when  mcaaured  by  the  a  rays.  Since  the 
minimum,  or  non-separable  activity  of  radium,  measured  by  the  o 
rays,  after  the  emanation  has  been  removed,  is  only  one  quarter  of 
the  maximum  activity,  these  results  indicate  that  the  heating  effect 
of  radium  Is  proportional  to  its  activity  measured  by  the  a  rays.  It 
is  not  proportional  to  the  activity  measiired  by  the  ^  or  /■  rays,  since 
the  (J  or  r  ray  activity  of  radium  almost  completely  disappears 
Borne  hours  after  removal  of  the  emanation. 

These  results  have  been  confirmed  by  further  observations  of  the 
distribution  of  the  heat  emission  between  the  emanation  and  the 
successive  products  which  arise  from  it.  If  the  emanation  is  left  for 
eevcral  hours  in  a  closed  tube,  its  activity  mcaaurcd  by  the  electric 
method  increases  to  about  twice  its  initial  value.  This  is  dxie  to  the 
"excited  activity,''  or  in  otherwords  to  the  radiations  from  the  actixfe 
matter  de]K)Bited  on  the  watts  of  the  tube  by  the  emanation.  The 
activity  of  this  deposit  ha;;  been  very  carefully  analyzed,  and  the 
results  show  that  the  matter  deposited  by  the  emanation  breaks  up  In 
three  successive  and  well-marked  stage?.  For  convenience,  these  suc- 
cessive productsof  the  emanation  will  be  t«rmed  radium  A ,  radium  B, 
and  radium  C  The  time  T  taken  for  each  of  these  products  to  be  half 
transformed,  and  the  radiations  from  each  productj  are  shown  in  the 
following  table: 


Proiturt 

Radium 

i 
Emanation 

i 
Radium  A 

i 
Radium  B 

i 
Radium  C 


4  days 


3  mins. 


21  mins. 


ZSmlns. 


Radialian4 
a    rays 

a  rays 

a  rays 

no  rays 

a,  fi,  and  jr  roys 


When  the  emanation  has  been  left  in  a  closed  vessel  for  several 
hours,  the  emanation  and  its  successive  products  reach  a  stage  of 
approximate  radioactive  equilibrium,  and  the  heating  effect  is  then 
a  maximum.  If  the  emanation  is  suddenly  removed  from  the  tube  by 
a  current  of  air,  the  heating  efifect  is  then  due  to  radiimi  A .  B.  and  C 
together.  On  account,  however,  of  the  rapidity  of  the  change  of 
radium  A  (half  value  in  three  minutes),  it  is  experimentally  very  diffi- 
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colt  to  diatinguish  between  the  heiiting  elTect  of  the  emaDatlon  and 

tbat  of  radium  A.  The  cui%'e  of  variation  with  time  of  the  beating 

effect  of  the  emaaation  tube  after  removal  of  the  emanatioD  is  very 

Kiearly  the  same  as  the  corresponding  curve  for  the  activity  measured 

by  the  a  rays.  Thes^  results  show  that  caeh  of  the  products  of  radium 

supplier  an  amount  of  heat  roughly  proportional  to  its  activity  meas- 

vored  by  the  a  rays.    Each  product  loses  its  heating  eitect  at  the  same 

rate  as  it  loses  its  activity,  showing  that  the  heating  efTect  is  directly 

csoDDected  with  the  radioactive  changes.   The  results  indicated  that 

^he  product,  radium  B,  which  does  not  emit  rays  does  not  supply  an 

amount  of  heat  comparable  with  the  other  products.    This  point  is 

m  mportant,  and  re<iuirea  more  direct  verificatiun. 

Since  the  heat  emission  is  in  all  cases  nearly  proportional  to  the 

■number  of  a  particles  exjielled,  the  question  arises  whether  the  bom- 

t>urdmcnt  of  these  particles  is  sufJicient  to  account  for  the  heating 

«-ffcct«  obser^-cd.  The  kinetic  energy  of  the  a  particle  J  mv^  can  be  at 

«incc  dctcrminod  since  ^  and  V  are  known.    The  following  table 

^hows  the  kinetic  energy  of  the  a  particle  deduced  from  the  measure- 

xneuts  of  Rutherford  and  Des  Coudres.   The  third  column  shows  the 

number  of  a  particles  expelled  from  1  gram  of  radium  per  second  on 

The  aa^nimption  that  the  healing  effect  of  radium  (100  gram-oalories 

])er  gram  per  hour)  Is  entirely  due  to  the  energy  given  out  by  the 

«xpelled  a  particles. 

Number   of   •  partidsa 
ObiCTVcr  Kinetic  vacTgy  expelluil    p«    seoond 

iiom  1  gnun  of  ra^um. 

Rutherfoid  6.fl  X  10-»  ergs.  2  X  lO"" 

Dea  Coudres  2.5  X  lO"*  ergs.  5  X  10"" 

This  hypothesis  that  the  heating  cfTu-ct  of  radium  is  due  to  bombard- 
ment of  the  a  particle  can  bo  indirectly  put  to  the  test  in  the  follow- 
ing way.  It  seems  probable  that  each  atom  of  radium  in  breaking  up 
emits  one  a  particle.    On  the  disintegration  theory,  the  residue  of  the 

,  itom,  after  the  a  particle  is  expelled,  is  the  atom  of  the  emanation,  so 
that  each  atom  of  radium  gives  rise  to  onv.  atom  uf  the  emanation. 
Let  q  be  the  number  of  atoms  in  each  gram  of  radium  breaking  up 

I  per  second.  When  a  state  of  radioactive  equilibrium  is  reached,  the 
number  jV  of  emanation  particles  present  ia  given  by  ^-f-  where 
I  ia  the  constant  of  rhoiiKc  of  the  emanation.     Now  Ramsay  and 

ffioddy  deduced  from  experiment  that  the  volume  of  the  emanation 
Rleaeed  from  I  gram  of  radium  was  about  one  cubic  millimeter  at 
ttmoapheric  pressure  and  temperature.    It  has  been  eiperimejitally 

udeduccd  that  there  are  3.6  X  10"  molecules  in  one  cubic  etnlimeter 
of  gas  at  ordinary  pressure  and  temperature.  The  emanation  obeys 
Boyle's  law  and  behaves,  in  all  respects,  like  a  heavy  gas,  and  we  may 
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in  consequence  deducp  that  JV-3.6X  10".  Now^  =2.0X  10~*.  Tliua 
9=7.2X10'".  Now  the  pnrticles  expelled  from  radium  in  a  state 
of  radioactive  equilibrium  are  about  equally  divided  between  four 
substances,  viz.,  th'e  radium  itself,  the  emanation,  radium  A  and  C. 
We  may  thiis  conclude  that  the  number  nf  a  particles  expelled  per 
second  from  1  gram  of  radium  in  radioactive  equilibrium  is  2.9X  10". 
The  value  deduced  by  this  method  is  intermediate  between  the  values 
previously  obtained  (sec  previous  table)  on  the  assumption  that  the 
heating  effect  is  entirely  due  to  the  a  particles. 

I  think  we  may  conclude  from  the  agreement  of  these  two  methods 
of  calculation  that  the  greater  portion  of  the  heating  effect  of  radium 
is  a  direct  result  of  the  bombardment  of  the  expelled  a  particlee,  and 
that,  in  all  probability,  about  5X  10'°  atoms  of  radium  break  up  per 
second. 

The  energy  carried  off  in  the  form  of  ^  and  y  rays  is  small  compared 
with  tliflt  einiiled  in  the  fi>rm  of  a  rays.  By  calculation  it  can  be 
shown  that  the  averagL' kinetic  energy  of  the  /?  particle  is  small  in  com- 
parison with  that  of  the  a  particle.  This  reault  is  confirmed  by  com- 
parative measurements  of  the  total  ionization  produced  by  the  a  and 
^  rBy3,when  the  energy  of  the  rays  ifi  all  used  up  in  ionizinf;  the  gas, 
for  the  total  ionization  produced  by  the  p  rays  is  small  compared  with 
that  due  to  the  a  rays.  The  total  ionization  pnitluced  by  the  x  ™ys 
iii  about  the  same  a»  that  produced  by  the  ^  ray».  allowing  that,  in 
all  probability,  the  energy  emitted  in  the  form  of  the.sc  two  types  of 
roilialioii  is  ab<Hit  the  same.  From  the  jKiint  of  view  of  the  energy 
radiated,  and  of  the  changes  which  occur  in  the  radioactive  bodice, 
the  a  rayg  thus  play  n  far  more  important  rftle  in  radioaptivity  than 
the  (iox  y  rays.  Most  of  the  products  which  arise  from  rnriium  and 
thorium  emit  only  a  niys,  while  the  ;9  and  ;-  rays  appear  only  in  the 
last  of  the  series  of  rapid  changes  which  take  place  in  the.-*  hodiefl. 

Since  most,  of  the  heating  effect  nf  nidium  i.**  due  to  the  a  rays,  it 
is  to  be  expecteH  that  all  radioactive  substancrfi,  which  emit  a  rays, 
should  alao  emit  heat  at  a  rate  proportional  to  their  a  ray  activity. 
On  this  view,  both  uranium  itnd  thorium  should  emit  heat  at  about 
one  millionth  the  rate  of  radium.  It  is  of  importance  to  determine 
directly  the  heating  effect  for  these  substances,  and  aho  for  actinium 
radio-tclhirium. 

According  to  the  disintegration  lheor>'.  the  a  particle  is  expelled 
ae  a  remilt  of  the  disintegration  of  the  atom  of  radioactive  matter. 
While  it  is  to  be  expected  that  a  greater  portion  of  the  energy  emitted 
should  be  carried  off  in  the  form  of  kinetic  energy  by  the  expelled 
particles,  it  is  also  to  be  expected  that  aome  energy  would  be  radiated 
in  consequence  of  the  rearrangement  of  the  comjwnents  of  the  system 
after  the  violent  ejection  of  one  of  its  parts.  No  direct  measure- 
ments have  yet  fcicen  made  of  the  heating  effect  of  the  a  particles. 
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independently  of  the  aulwtance  in  which  they  are  pnKluced.  Experi- 
tneDts  of  tliix  character  would  be  dilTicult,  but  would  throw  light  on 
tbe  importaul  question  of  the  diviBioii  of  the  energy  radiated  between 
the  expelled  a  ray  particle  and  the  system  from  which  it  arises. 

The  enonnoua  evolution  of  enerj;^'  by  the  radioactive  subataiici-s 
is  rery  well  illufitrated  by  the  case  of  the  radium  emanation.  The 
emanation  releOHed  from  1  gram  or  radium  in  radioactive  equilibrium 
emits  during  ita  changes  an  amount  nf  energy  correnponding  to  about 
10,000  gram-calories.  Now  Ramxay  and  Soddy  have  shown  that  the 
volume  of  this  emanation  in  alwut  1  cubic  [nillimeter  at  xlandard 
prcaaurc  and  teminTBture.  One  cubic  milUmetcr  of  the  cnmnatioa 
and  ita  product  thus  cmilsabcut  lO^Kram-cotorics.  yince  1  centinieter 
of  hydrogen,  in  uniting  with  the  proportion  of  oxygen  required  to  form 
wat«r,  emits  3.1  gram-eatories,  it  in  seen  thnt  the  emanation  emits 
about  3  million  timej:  an  much  energy  aft  an  equal  volume  of  hydrogen. 

It  can  reiuiily  be  calculated,  on  the  aiutiimption  that  the  atom  of 
the  emanation  has  a  niusH  100  times  that  of  hydrogen,  that  1  jmimd 
of  the  emanation  some  time  aft<>r  rcmuvul  could  emit  cnergj'  at.  the 
T%Us  of  about  8000  horee-powcr.  This  would  fall  ofT  in  a  gcomelriciU 
progression  with  the  time,  but,  on  an  average,  the  amount  of  energy 
entittcd  during  its  life  corresponds  to  WJ.OOO  horee-power  day.?.  Since 
tlie  radium  is  being  continuously  transformed  into  emanation,  and 
three  quarters  of  the  total  heat  emission  is  due  to  the  emanation  and 
its  products,  a  simple  calculation  show8  that  1  gram  of  radium  must 
emit  during  its  life  about  10*  gram-calories.  As  we  have  seen,  the 
heat  emission  of  radium  is  about  equally  divided  between  the  rndium 
iuelf  and  the  three  other  a  ray  products  whieh  come  from  it. 

The  heat  emitted  from  each  of  the  other  radioactive  substances 
while  their  activity  lasts,  should  be  of  the  same  order  of  magnitude, 
but  in  the  case  of  uranium  and  thorium  the  present  rate  of  heal  emis- 
aoit  would  probably  continue,  on  an  average,  for  a  period  of  about 
1000  million  years. 


VI.  Source  of  the  Energy  cmitU'd  by  the  Radioactive  Bodtea 

There  has  been  considerable  difference  of  opinion  in  regard  to  the 
fundamental  question  of  the  origin  of  the  energy  spontaneously  emit- 
ted from  the  radioactive  bodies.  Some  have  comtidered  that  the 
atoms  of  the  radio-elementa  act  as  transformers  of  borrowed  energy. 
The  atoms  are  supposed  to  be  able,  in  some  way,  to  abstract  energy 
from  the  aurroundinR  medium  and  to  emit  it  again  in  the  form  of  the 
characlcriatic  radiations  observed.  Another  Ihcorj-.  which  has  found 
favor  with  a  number  of  physicists,  supposes  that  the  energy-  is  d&* 
rived  from  the  radio-atoms  themi!oIve8  and  is  released  in  consequence 
of  their  disintegration.    'J'hc  hitter  theory  involves  tlie  conception 
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that  die  atoms  of  the  radio-elements  contain  a  great  store  of  lateol 
energy,  which  only  manifests  itflelf  when  the  atom  breaks  up.  There 
is  no  direct  evidence  in  support  of  the  view  that  the  energy  of  the 
radio-elements  is  derived  from  txtcmal  sources,  while  there  is  much 
indirect  ovidoncc  against  it.  Some  of  this  cvidcnee  will  now  be  con- 
sidered. There  is  now  no  doubt  that  the  a  and  ^  rays  consist  of  p«xti- 
cles  projected  with  great  speed.  In  order  for  the  a  particle  to  acquire 
the  velocity  with  which  it  is  expelled,  it  can  be  calculated  that  it 
would  be  necessary  for  it  to  move  freely  between  two  points  differ- 
ing in  potential  by  about  five  million  volts.  It  is  very  difficult  to 
imagine  any  mechanism  whieli  could  suddenly  impress  such  an 
enormous  velocity  on  one  of  the  parts  of  an  alum.  It  seeuiu  much 
more  leasonable  to  suppose  that  the  a  and  ^  particles  were  originally 
in  rapid  motion  in  the  atom,  and,  for  some  reason,  escaped  from  the 
atomic  eystera  with  the  velocity  they  posBcssed  at  the  instant  of  their 
release.  There  is  now  undeniable  evidence  that  radioactivity  is 
always  aocompanied  by  the  production  nf  new  kinds  of  active  mat- 
ter. &ome  sort  of  chemical  theory  is  thus  K^iulred  tn  explain  the 
facta,  whether  the  view  is  taken  that  the  energj'  is  derived  from  the 
atom  itself  or  from  extcmfil  sources.  The  "external"  thcorj-  of  the 
origin  of  the  energy  was  initially  advanced  to  explain  only  the  heat 
emission  of  radium.  We  have  seen  that  this  ia  undoubtedly  con- 
nected with  the  cxpiUsion  of  a  particles  from  the  different  disintciETa- 
tion  products  of  radium,  and  that  the  radium  itself  only  supplies  one 
quarter  of  the  total  heat  emission,  the  rest  being  derived  from  the 
emanation  and  it.s  further  products.  On  such  a  theory  it  is  noccs- 
sary  to  auppnsc  that  in  radium  there  are  a  number  of  different  active 
subcstancca,  wh»!«?  fwwcr  nf  abnorhing  external  energy  dies  away 
with  the  time,  at  different  but  dcfuiitc  rates.  Thiii  stilt  leaves  the 
fuudameatal  difficulty  of  the  origin  of  these  radioactive  products 
unexplained.  Unless  there  is  some  unknown  source  of  energy  in  tlie 
medium  which  the  radioactive  bodies  are  capable  of  absorbing,  it  is 
difficult  to  imagine  whence  the  energy  demanded  by  the  external 
theory'  can  be  derived.  It  certainly  cannot  be  from  the  air  iteelf, 
for  radium  gives  out  heat  inside  an  ice  culomctcr.  It  cannot  be  any 
type  of  rays  such  &s  the  radioactive  bodies  emit,  for  the  radioactivity 
of  riwiium,  and  consequently  its  heating  effect,  are  unaltered  by  her- 
metically sealing  it  in  a  vessel  of  lead  several  inches  thick.  The  evi- 
dence, as  a  whole,  is  strongly  against  the  theory  that  the  energy  is 
borrowed  from  externa!  sources,  and,  unlees  a  number  of  improbable 
assumptions  arc  made,  such  a  theory  is  quite  inadequate  to  explain 
the  experimental  factji.  On  the  other  hand,  the  diaintcgration  theory, 
advanced  by  Ituthcrford  and  Soddy,  not  only  offers  a  satisfactory 
explanation  of  the  origin,  of  the  energy  emitted  by  the  radio-elements, 
but  also  accounts  for  the  succession  of  radioactive  bodiea.    On  tliis 
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theory,  h  definite^  small  proportion  of  the  atoma  of  radionctive 
matter  every  second  becomoB  unstable  and  breaks  up  with  expiosive 
Tiolence.     In  moet  cases,  the  explosion  is  accompaiiipd  by  the  ex- 
pulsion of  an  a  particle,  in  a  few  cases,  by  only  a  ^  particle,  and  in 
others  by  a  and  ^particles  together.    On  this  view,  there  \a  at  any 
time   present  in  a  radioactive  body  a  proportion  of  the  original 
matter  -which  ia  unchanged  and  the  products  of  the  part  n'hich  ha£ 
undergone  change.    In  the  ease  of  a  slowly  chang'Jiig  substance  like 
radium,  this  point  of  view  is  in  agreement  wiUi  the  observed  fact  that 
Llie  spectrum  of  radium  remainii  unchanged  with  iu  age. 

The  expulsion  of  an  a  or  ^  particle  or  both  from  the  atom  leaves 
behind  an  atom  which  ia  liKhttT  than  bi?rore  and  wliich  has  different. 
chemical  and  physical  properties.  This  atom  in  turn  becomes  un- 
stable and  breaks  up^  and  the  process,  once  started,  proceeds  from 
^tage  to  stage  with  a  definite  and  meiisnrable  velocity  in  each  case. 

The  energy  radiated  is,  on  this  view,  obtained  at  the  expense  of 
"^he  internal  energy  of  the  radio-atoms  theniselves.    It  docM  not  con- 
-fcradict  the  principle  of  the  conscn,ation  of  encrgj',  for  the  internal 
«inergy  of  the  pmduct«  of  the  changes,  when  the  process  has  come 
■*o  an  end,  is  supposed  to  be  diminished  by  the  amount  of  energ>* 
emitted  during  the  changes.    This  theory  supposes  that  there  is  a 
SrcBt  store  of  internal  energy  in  the  radio-atoms  themselves.    This 
Is  not  in  disagreement  with  the  modern  viewB  of  the  electronic  con- 
stitution of  matter,  which  have  been  so  ably  developed  by  J.  J. 
niionison,  Larmor,  and  LorentK.   A  simple  calculation  shows  that  the 
intn  concentration  of  the  electric  charges,  which  on  the  electronic 
■theory  are  supposed  to  be  contained  in  an  atom,  implies  a  store 
«f  energy  in  the  atom  sm  enormous  that,  in  compariiwm,  the  large 
evolution  of  energy  from  the  radio-elements  is  quite  inKignifieant. 

Since  the  energy  emitted  from  the  radio-elements  is  for  the  most 
part  kinetic  in  form,  it  is  nccetjaary  to  BuppOBC  that  the  a  and  ^  paru- 
clc8  were  originally  in  rapid  motion  in  the  atoms  from  which  they  are 
projected.  The  disintegration  theory  suppoaea  that  it  is  the  atoms 
and  not  the  molecules  which  break  up.  Such  a  view  is  necessary  to 
explain  the  independence  of  the  rate  of  disintegration  of  radioactive 
mattw,  of  wide  variations  of  temperature,  and  of  the  action  of  chemi- 
cal and  physical  agenta  at  our  command.  This  must  be  conceded  if  the 
term  atom  is  used  in  the  ordinary  chemical  sense.  It  is,  however, 
probable  that  the  atoms  of  the  rwlio-clement*  arc  in  reality  complex 
aggregates  of  known  or  unknown  kinds  of  matter,  which  break  up 
spontaneoualy.  Tliis  aggregate  behaves  like  an  atom  and  cannot  be 
resolved  into  simpler  forms  by  external  chemical  or  physical  agencies. 
It  breaks  up,  however,  spontaneously  with  an  evolution  of  energy 
enormous  compared  with  that  released  in  ordinary  chemical  changes. 
Tbis  question,  is  further  considered  in  section  viii  of  this  paper. 
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The  di»tnt<^(?ration  theory  assiimt-'s  that  a  eiimll  fraction  of  the 
Atoms  break  up  iu  unit  time,  but  no  definite  explanation  is,  as  yet, 
forthcoming  of  the  causoa  which  lead  to  this  explosive  disruption 
of  the  atom.  The  experimental  regults  are  equally  in  agreement  with 
the  view  that  each  atom  eontains  vrithin  itself  the  potentiality  of 
its  final  disruption,  or  with  the  view  that  the  disintegration  is  pre- 
cipitated by  the  action  of  some  external  cause  that  may  lead  to  the 
disintegration  of  the  atom  in  the  tiame  wuy  that  a  detonatiir  is  neces- 
sary to  start  certain  cxplosionfl.  The  energy  set  free  is,  however,  not 
derived  from  the  detonator,  but  from  the  substance  on  which  it  acta. 
There  ia  another  general  view  which  may  possibly  lead  to  an  explana- 
tion of  atomic  disruption.  If  the  atom  is  supposed  to  consist  of  elec- 
trons or  charged  bodies  in  rapid  motion,  it  tends  to  radiate  energy 
in  the  form  of  electromagnetic  waves.  If  an  atom  is  to  be  permanently 
stable,  the  parts  of  the  atom  must  be  so  arranged  that  there  is  no 
I088  of  cnerjE:>*  by  electromagnetic  radiation.  J.  J.  Thomson  has  in- 
veetigated  eertain  possible  arrangements  of  electrona  in  an  atom 
which  radiate  energy  extremely  slowly,  but  which  ultimately  must 
break  up  in  consequence  of  the  loss  of  internal  energy.  According  to 
present  views,  it  is  not  such  a  matter  of  surprise  that  atoms  do  break 
up  as  that  atoms  are  so  stable  as  they  appear  to  be.  This  question 
of  the  causes  of  disintegration  is  fundamental,  and  no  adequate 
explanation  has  yet  been  put  fttrward. 


VTI,  Radioactive  Product* 
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Rutherford  and  Soddy  showed  that  the  radioactivity  was  always 
accompaiued  by  the  appearance  of  new  types  of  active  matter 
•which  possessed  physical  and  chemical  properties  distinct  from  the 
parent  radio-olcmeiit.  The  radioactivity  of  these  products  is  not 
permanent,  but  decays  according  to  an  exponential  law  with  the 
time.  The  aetlvity  /,  and  at  any  time  ( is  given  by  /,  =  /„«"*'  where 
/„  is  the  initial  activity  and  jI  a  constant.  Each  radioactive  pro- 
duct has  a  definite  change-constant  which  di»t,ingulshes  it  from  all 
other  products.  These  products  do  not  arise  simultJincously,  but  in 
contiiK^luence  of  a  succession  of  cho-ngcs  in  the  radio-elements;  for 
example,  thorium  in  breaking  up  gives  rise  to  Thorium  X,  which 
behaves  ns  a  solid  substance  soluble  in  ammonia.  This  in  turn  brcnks 
up  and  gives  rise  to  a  gaseous  product,  the  thorium  emanation.  The 
emanation  is  again  unstable  and  gives  rise  to  another  type  of  matter 
which  behaves  as  a  solid  and  b  deposited  on  the  surface  of  the  ve-sse! 
irontaining  the  emanation.  It  was  found  that  the  results  would  be 
quantitativeiy  explained  on  the  assumption  that  the  activity  of  any 
product  at  any  time  is  the  measure  of  the  rate  of  production  of  the 
next  product.    This  is  to  be  expected,  since  the  activity  of  any  sub- 
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stance  is  proportional  to  the  number  of  atoms  which  break  up  per 
e«ecoiid;  and  since  each  atom  in  breaking  up  gives  fme  to  one  atom 
of  the  npxt  prriHiict  together  with  oor  /?partirleH  orWth.the  activity 
c=>f  the  parent  is  a  mearnre  of  the  rate  of  production  of  the  succeeding 
prwliict. 

Of  tbc«c  radioactive  productH,  the  radium  cmaoatioD  has  been  very 
^loady  studied  oa  account  of  ita  existence  in  the  gaseous  state.  It  has 
t»cn  shown  to  be  produced  by  radium  at  a  constant  rate.  The  amount 
«Df  emaniition  Ktored  up  in  a  given  mass  of  radium  reaches  a  maximum 
^^ralue  when  the  rate  of  flupply  of  fresh  emanation  balunccH  the  rate  of 
«rh)uige  of  the  emimation  present. 

If  9  be  the  numlier  of  atnma  of  emanation  produced  per  second  by 
%he  radium  and  iV  the  maximum  number  present  when  radioactive 
^((uilibriuni    ia    reached,    then   N  = ',  where  i  is  the  constant  of 
«:hiingc  of  the  emaniition.    This  relation  has  been  vended  cxpori- 
neatally.  The  cmanntion  is  found  to  diffuse  thnmgh  air  like  a  gas  of 
liea\-y  molectilar  weight.    It  is  unattacked  by  chemicnl  rcngonts,  and 
in  that,  respect  resembles  the  inert  gases  of  the  nrgnn  family.   It  con- 
•denses  at  a  definite  tempemture  —  l&0°C.    Its  constant  of  change  is 
unaffected  lietween  the  limits  of  temperature  of  450°C  and  —  ISO°C. 
Hiace  the  emanation  rhange-s  intn  a  non-volatile  typo  of  matter  which 
is  deposited  on  the  surface  of  vessels,  it  was  to  be  expected  that  the 
ri^ume  of  the  emanation  should  decreaj^e  according  to  the  same  law, 
M  it  lost  its  activity.    These  deductions,  based  on  the  theory,  have 
been  confirmed  in  a  striking  manner  by  the  experiments  of  Ramsay 
and  Soddy.  The  r.idium  cmanntion  was  oheniically  isolated  and  found 
to  be  a  gas  which  obeyed  Boyle's  law.  The  volume  of  the  emanation 
observed  was  of  the  same  order  as  had  been  predicted  before  its  sepa- 
ration. The  volume  was  found  to  decrease  with  the  time  according  to 
the  same  law  as  the  emanation  lost  its  activity.   Ramsay  and  Collie 
found  that  the  emanation  had  a  new  and  definite  spectrum  similar  in 
some  respects  to  that  of  the  argon  group  of  gases. 

There  can  thus  be  no  doubt  that  the  emanation  is  a  transition  sub- 
stance with  remnrkahle  properties.  Chemically  it  behaves  like  an 
inert  gas,  and  has  a  definite  spectrum ,  and  is  condensed  by  cold.  But, 
o&  the  other  hand,  the  gas  is  not  permanent,  but  disappears,  and  is 
changed  into  other  types  of  matter.  It  emits  during  its  changes  about 
one  million  times  as  much  energj-  as  is  emitted  during  any  known 
chemical  change. 

From  the  similarity  of  the  behavior  of  the  emanation  of  thorium 
and  actinium  to  that  of  radium,  we  may  safely  conclude  that  these 
Also  are  new  gases  which  have  only  a  limited  life  and  change  into  other 
•ubfltancee. 

The  non-volatile  products  of  the  radioactive  bodies  can  be  dis- 
solved  in  strong  acids  and  show  definite  chemical  behavior  in  solution. 
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Tliey  can  bo  pnrtinlly  BCpuratod  by  electrolysis  and  by  8int»ble  nhem- 
ical  methods.  They  can  be  volatilized  by  the  action  of  high  temperu- 
ture.  and  their  differences  in  this  respect  can  be  utilised  to  effect  in 
many  cases  a  piirtial  separation  of  successive  products.  There  can 
be  little  doubt  that  each  of  these  radioactive  products  is  a  transition 
substance,  pusscesing,  while  it  lasts,  some  do&nitechemjcal  and  phys- 
ical properties  which  serve  to  distiaguish  it  from  other  products  and 
from  the  parent  clomont. 

The  radioactive  products  derived  from  each  radio^lement,  together 
with  the  type  of  radiation  emitted  during  their  disintegration,  ore 
ebown  graphically  in  Fig.  1. 

taaiMm      fmo»ofl9n       fiaiiA  Rati  B  «rtf  (T  /tatf.O         fiad£ 
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The  radiations  from  actinium  have  not  so  far  been  cxamiDod  suf- 
ficiently cloaely  to  determine  the  character  of  the  radiation  emitted 
by  each  product.  There  in  some  evidence  that  a  product,  actinium 
X,  exists  in  actinium  corresponding  to  Th  A'  in  thorium.  It  has  nol. 
however,  been  very  closely  examined. 

The  question  uf  nomenclature  for  the  euccessive  products  is  impor- 
tant. The  names  Ur  A',  Th  X  have  Iwen  retained,  and  also  the  term 
emanation.  The  emanation  from  the  three  radio-elcmcnta  in  each  caae 
gives  riae  to  a  non-volatile  tyjie  of  matter  which  is  depoRiled  on  the 
flurfaoe  of  the  bodies.  The  matter  initially  deposited  from  the  radium 
emanation  is  called  radium  A,  radium  A  changes  into  fi,  and  B  Into 
C,  and  £0  on.  A  similar  nomenclature  is  applied  to  the  further  pro- 
ducts of  the  emanation  of  thorium  and  actinium.    This  notation  is 
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W      simple  and  elastic,  and  is  very  useful  in  mathematical  diMuasion  of            ^^^| 

1        the  theur>'  of  successive  clianges.   In  Ihe  following  tuble  a  list  of  the             ^^^| 

1       products  is  given,  tugethei-  with  the  nature  of  the  radiation  and  the            ^^^| 

1       most  marked  obemical  and  physical  properties  of  each  product.  The            ^^^| 

*        time  T  for  each  of  the  products  to  be  half  traosfonned  is  also  added.             ^^^ 

Badiooftipt 
pndwU. 

T 

Rayi. 

tTaunuM 
tjraniucD  A 

FiiuJ  ptoduci. 

2,5  X  10*  yean. 
22  da}-». 

a 

Soluble  in  excest  of  unmoaluia  car-               ^^^| 
bonate.                                                          ^^^H 

IniKilulilt!   in  «xcees  of  ammonium               ^^^H 
carbonate.                                                           ^^^H 

Tsontpu 
TboriuinX 

EnuDBtdon 

Thorium  A 

Tboriim  B 

i 
Fins)  prcxluet. 

10*  yeais. 

w. 

Iiuolublft  in  ammoniA.                                      ^^^H 

i  dayi. 

» 

Soluble  in  anunonia.                                         ^^^H 

I  mtn. 

■ 

Inert  gaa  condMisea  about  -130°C.                     ^^^H 

11  llQURI. 

55  luttift. 

no  rays. 

Attochra  ilscir  to  nrgative  electrode.                 ^^^H 

Bolubla  in  atronK  acida.                                     ^^^^| 

SeiHUabln  tnaa  Aliy  alectrolyaia.                    ^^^^| 

^H 

Actiniiun  X  ? 

i 
Kmanatioii 

Actinium  .1 

Actinium  B 

Kinal  product. 

^H 

^H 

3,0  H'ca. 

a 

(fUMU'itn  |)n>i!uct.                                              ^^^H 

41  mioB. 
1  .S  miaa. 

no  tnya. 

> 

AltHcliCii  itwir  to  negative  electrode,               ^^^H 
8«pAr«klG  from  A  by  elcwtrclyaia.                        ^^^H 

^^^H 

TlkDWll 

Etxuuatiao 
Rodiuia  A 
Radium  B 
Radium  C 
Radhimi? 
Radium  B 

1000  yeart. 

a 

^H 

4  <iays. 

a 

Inrrt  ko^,  nmdruaca  -150°  C.                              ^^^H 

3  miiu. 
21  mins. 

no  ray*. 

AttacSioa  itaelf  to  ncgntirc  clrctrodc               ^^^H 

Miluble  in  stiuiiK  ucida.                                     ^^^^| 

Volatile  nt  SOU^C;.                                                   ^^H 

28  mint). 

«.*.> 

Volatile  about  1 100^.                                          ^^H 

about  40  ypHni. 

0.y 

Soluble  in  sulphuric  add.                                 ^^^H 

ftbout    1  year. 

a 

Attachra  itaclT  U)  biHiDUthplate  to               ^^^| 
eolution,  voUtiliaea  at  IWxK.                             ^M 

The  chacfiies  which  occur  in  the  active  deposits  from  the  emanatioD             ^^^| 

of  radium,  thorium,  and  actinium  have  been  dtFBcult  t»  det«nmne  on              ^^^| 

account  of  their  complexity.  Fur  example,  in  the  case  of  radium,  the              ^^^| 

actire  deposit,  obtained  as  a  ro^ult  of  a  long  exposure  to  the  cmaoa-             ^^^| 

tioit,  contains  quantities  of  radium  A.B,  nnd  C.   The  cliangcs  occui^              ^^^| 

ring  in  the  activedeposit  of  radium  have  been  dctcrmioed  by  P.  Curie,            ^^^H 

DoDDe.aod  thewriter.  Tlievalueof  rfortbcthrccsuccesetvechangee             ^^^| 
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is  3.  2 1 ,  snd  28  minutes  respectively.  Radium  A  gives  only  a  rays,  B 
gives  out  no  rays  at  all.  while  C  gives  out  a,  /),  and  ^  rays.  These 
results  have  lieen  deduced  by  the  comparison  of  the  change  of  activity 
with  time,  with  ,thc  mathematical  theory  of  succesaive  changes.  The 
variation  of  the  activity  with  time  depends  upon  whether  the  activity 
ismctLsured  by  the  a.  p,  or  y  rays.  The  eomplit-atcd  curves  arc  very 
completely  e\phiined  on  the  hypotlieais  of  tluvc  successive  changes 
of  the  character  already  mentioned. 

The  activity  of  a  vessel  in  which  the  radium  emanation  has  been 
stored  for  some  time  rapidly  falls  to  a  very  small  fraction  after  the 
emanation  ia  withdrawn.  There,  however,  always  remains  a  slii^bt 
residual  nt'tivily.  The  writer  has  recently  examined  the  activity  in 
detail.  The  residual  activity  at  llrfit  mainly  coiisists  of  ^  rays,  and  the 
activity  measured  by  them  does  not  change  appreciably  during  the 
period  of  one  year.  The  a  ray  activity  is  at  first  small,  but  increases 
uniformly  with  the  time  for  the  first  few  months  that  the  activity  has 
been  examined.  These  results  receive  an  explanation  on  the  hypothe- 
sis that  radium  C  changes  into  a  product  Z>  which  emits  only  ^  rays. 
D  chftugos  into  a  product  E,  which  emits  only  a  rays.  This  view  has 
been  confirmed  by  separating  the  a  ray  product  by  dipping  a  bismuth 
plat*  into  the  solution  containing  radium  D  and  E.  The  probable 
period  of  theae  changes  can  be  deduced  from  observations  of  the  mag- 
nitude of  the  a  and  /3  ray  activity  at  any  time.  It  has  been  deduced 
that  radium  D  is  probably  half  trauaformed  in  forty  yeara,  and 
radium  E  is  half  transformed  in  about  one  year.  The  evidence  at 
preiient  obtained  points  to  the  conclusion  that  radium  J?  is  the  active 
constituent  present  in  Marckwald's  radio-tellurium,  and  probably 
also  in  the  poloiiiuni  (jf  Mine.  Curie, 

The  changes  in  the  active  deposit  of  thorium  have  been  analysed 
by  the  writer,  and  the  corresponding  changes  in  actinium  by  Mi^s 
Brooks. 

Thencrurrenceof  a  "rayless  change  "  in  the  aotivedepositsfrom  the 
emanation  of  radium,  thorium,  and  actinium  is  of  great  interest  and 
importance.  .\s  thp.se  products  do  not  emit  either  a  or  fi  or  y  rays, 
their  prcMcnee  ran  only  be  detected  by  their  effect  on  the  amount  of 
the  succeeding  products.  The  action  of  the  raylcBS  change  is  most 
clearly  brought  out  in  the  examination  of  the  variation  of  actiWty 
with  time  of  a  body  exposed  for  a  very  short  interval  in  the  presence 
of  the  emanations  of  thorium  and  actinium.  Let  us  consider,  for 
■implicity,  the  variation  of  activity  with  time  for  thorium.  The  activ- 
ity (meaaured  by  the  a  rays)  observed  at  first  is  very  small,  but  gradu- 
ally increases  with  the  time,  passee  through  a  maximum,  and  finally 
decay*  according  to  an  exptjnential  law  with  the  time  falling  to  half 
value  in  11  hours.  The  shape  of  this  cur\'e  can  be  completely  ex- 
plained on  the  assumption  of  the  two  successive  changes,  the  second 
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of  which  alone  gives  out  rays.  The  matter  deposited  on  the  bndy 
during  the  short  exposvire  consists  almost  entirely  of  thorium  A, 
1*borium  A  changes  into  B  and  the  breaking  up  of  B  gives  rise  to 
the  activity  measured. 

Let  n„  =  number  of  particles  of  ihurium  A  deposited  on  the  body 
during  the  time  of  exposure  lo  the  emanation. 

Let  P  and  Q  be  the  number  of  particles  of  thorium  A  and  B  re- 
spectively at  any  time  after  removal. 

Let  i,,  ^  be  the  constants  of  the  two  changes. 

The  number  of  particles  of  I'  existing  at  any  time  (  is  given  by 
^  =  n^~*»'.  If  each  atom  of  A  in  breaking  up  gives  rise  to  one  atom 
of  B,  the  increase  dQ  in  the  numl>er  of  Q  in  the  time  dt  is  given  by 
■the  difference  between  the  number  of  Atoms  of  B  supplied  by  the 
c^hange  in  j4  and  the  number  of  B  which  break  up. 
dQ 

Thus,  ^-^p-^o-J.n.«-^'-^o. 

Thr  solution  of  thiH  equation  is  of  the  form  Q  =  oe"*"'  +  fctf"*^. 
fciacc  for  a  very  short  expoeure  Q  =  0 

and  Q  =  Y^Ce~*^-e^')- 

Ax  —  Af 

If  thorium  A  does  not  give  out  rays,  the  activity  of  the  body  at  any 
IJme  after  removal  is  proportional  to  Q.    Thus  the  activity  at  any 


lime  (  is  proportional  to  e 


-  V  _  f-M 


Now  the  experimental  curve 


of  variation  of  activity  is  found  to  be  accurately  expressed  by  an  equn- 
tJoD  of  tlua  form.  A  very  interesting  point  arises  iit  stalling  the  values 
^of  i,  and  jI,  corresponding  to  ihetwo  changeii.  It  is  seen  that  the  equa- 
tion is  symmetrical  in  ^  and  k,  and  in  consequence  is  unaltered  if  the 
vajuesof  f)|  and  ^  are  intercliangcd.    Now  the  constant  of  the  change 
i«  determined  by  the  observation  that  Uie  activity  finally  decays  to 
h4lf  value  in  H  hours.    The  theoretical  and  experimental  curves  are 
found  to  coincide  if  one  of  the  two  products  is  half  transformed  in  11 
iours  and  the  other  in  55  minutes.  Tlie  comparison  of  the  theoretical 
and  experimental  curves  dues  not.  however,  allow  us  to  settle  whether 
the  period  of  change  of  thorium  .4  is  55  minuli-s  or  U  hours.  In  order 
to  settle  the  point,  it  is  necessary  to  find  some  means  of  separating 
the  products  thorium  ,-1  and  B  from  each  other.   In  the  case  of  tho- 
Hum,  this  is  done  by  electrolysing  a  Holution  of  thorium.    Pegram 
obtained  an  active  product  which  decayed  according  to  an  exponen- 
tial law  with  the  time  falling  to  half  value  in  a  little  less  than  I  hour. 
This  result  shows  timt  the  radiating  product  thorium  B  has  the 
shorter  jieriod.    In  a  similar  way,  by  recourse  to  electrolysis,  it  haa 
\>con  found  that  the  change  of  actinium  B  hue  a  [>eriod  of  1.5  minutes. 
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In  tlif  vasf  of  rBdiiim,  V.  Curie  and  Danne  utilised  the  difference  in 
volutility  of  radium  fi  and  C  in  order  to  iix  the  period  of  the  changes. 

It  ia  very  remarkablo  that  the  third  succewave  product  of  radium, 
thorium,  and  actininrti  nhoiild  not.  give  out  ray«.  It  aocins  probable 
that  thc3«  raykss  changes  are  not  of  so  violent  a  character  ae  the 
other  changes,  and  consist  cither  of  a  reflrranp'ment  of  the  compon- 
ents of  the  atom  or  of  an  expulsion  of  an  a  or  /?  particle  with  so  slow 
a  velocity  that  it  fails  to  ionize  the  gas.  The  appearance  of  such 
changes  in  radioactive  matter  suggests  the  possibility  that  ordinary 
matter  may  also  be  undergoing  slow  "rayleas  changes,"  for  such 
changes  could  not  have  been  detected  in  the  radio-elements,  unices 
its  succeeding  products  emitted  rays. 

It  is  seen  that  the  changes  occurring  in  radium,  thorium,  and 
actinium  are  of  a  very  analogous  character  and  indicate  that  each 
of  these  bodies  lias  a  very  similar  atomic  constitution. 

While  there  can  be  no  doubt  that  numerous  kinds  of  radioactive 
matter  wiib.  distinct  chemical  and  physical  properties  are  produced 
in  the  radio-elemente,  it  ia  very  difficult  to  obtain  direct  evidence  in 
some  caseti  that  the  products  are  succesaive  and  not  eimultaneous. 
This  is  the  caue  for  pniduct*  which  have  either  a  very  slow  or  very  rapid 
rate  of  change  compared  with  the  other  jjroduct.  For  example,  it  is 
difficult  to  sliow  directly  that  radium  B  is  the  product  of  radium  A 
and  not  the  dirtxt  product  of  thr  emanation.  In  the  same  way, 
there  is  no  direct  ovirlcncc  that  radium  C  b  the  parent  of  radium 
Z>.  At  the  same  time  the  successive  nature  of  theae  products  is  in- 
dicated by  indirect  evidence. 

There  can  be  little  doubt  that  each  of  the  radioactive  products 
is  a  distinct  chemical  substance  and  pnaseRsefl  some  distinguishing 
physical  or  chemical  properties.  There  still  remains  a  large  amount 
of  chemical  work  to  be  done  to  compare  and  arrange  the  chemical 
properties  of  these  products  and  to  sec  if  the  successive  products 
follow  any  definite  law  of  variation.  The  electrolytic  method  can  in 
many  cjises  bo  used  to  find  the  position  of  tlie  product  in  the  electro- 
chemical series.  Tlie  products  which  change  most  rapidly  arc  present 
in  the  least  quantity  in  radium  and  pitchblende.  Only  the  slower 
changing  products  like  the  radium  emanation  and  radium  D  and  B 
exist  in  sufficient  quantities  to  be  examined  by  the  balance.  It  is 
possible  that  the  products  radium  A,  D,  and  C  may  be  obtained  in 
Buffieicnt  quantity  to  obtain  their  spectrum. 

VIII.    Connection  between  the  a  Particles  and  Helium 


The  discovery  of  Ramsay  and  Soddy  that  helium  was  produced  by 
the  radium  emannt  ion  was  one  of  the  grcatcet  interest  and  importance, 
and  oonfirmed  in  a  striking  manner  the  disintegration  theory  of  radio- 
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a-ctivity,  for  the  possible  production  of  helium  Iroro  radioactive 
matter  bad  been  predicted  on  tins  theory  before  the  experimental  evi- 
<l1uiicc  was  fortlicoming.  Ramsay  and  Boddy  found  that  the  presence 
of  hcliura  could  not  be  detected  in  a  tube  Immediately  after  the  intro' 
ductioD  of  the  emanation,  but  woe  observed  some  time  afterwards, 
showing  that  the  helium  arose  in  conHequence  of  a  slow  change  in  the 
emanation  itS4>If  or  in  ita  further  producta. 

The  question  of  the  origin  of  the  helium  produced  by  the  radium 
emanation  and  ita  connecliou  with  the  radioactive  changes  occiurlng 
>□  the  emanation  is  one  of  the  greatest  importance.  The  experimental 
•-■vidt-ncc  wi  far  obtained  doe«  not  suliice  to  give  a  definite  answer  to 
this  qucstioD,  but  suggests  the  probable  explanation.  There  has  be«n 
&  tendency  to  assume  that  the  helium  is  the  final  disintegration  pro- 
<Iuct  of  the  mdium  emanation,  i.  e.,  it  is  the  inactive  mibittance  which 
jemains  when  the  sucotwiion  of  radioactive  changes  in  the  emanation 
"have  coioe  to  an  end.   Thexe  is  no  evidence  in  Hupport  of  auch  a  con- 
cluflion,  while  thexr  is  much  indin:ct  evidt-nci-  against  it.    It  has  been 
shown  that  the  emanation  which  breaks  up  undergoes  Lhrcc  fairly 
ri^iid  trangformatione;   but  after  thcae  changes  have  occurred,  the 
reeiduBJ  matter  —  radium  D  —  is  still  radioactive,  and  breaks  up 
slowly,  being  half  transformed  in  probably  about  forty  years.   There 
then  occurs  a  still  further  change.    Taking  into  account  the  minute 
quantity  of  the  radium  emanation  inltifilly  present  in  the  emanatloD 
tube,,  the  amount  of  the  final  inactive  product  would  be  ineigniCicant 
aft«r  the  lapse  of  a  few  days  or  even  months.  It  thus  does  not  seem 
probable  that  the  helium  can  be  the  final  product  of  the  radioactive 
changes.    In  addition,  it  has  been  shown  that  the  a  partifle  byhaves 
like  a  body  of  about  theaame  maasas  the  helium  atom.  The  expulsion 
of  a  few  a  particles  from  each  of  the  heavy  atoms  of  radium  would  not 
diminish  the  atomic  weight  of  the  residue  very  greatly.    The  atomic 
Weight  of  the  atoms  of  radium  D  and  £  is  in  all  probability  of  the 
order  of  two  hundred,  since  the  evidence  supports  the  conclusion  that 
each  atom  expels  one  a  partiek'  at  each  traoKforuiation.    In  onicr 
to  explain  the  prcBence  of  helium,  it  is  necesaary  to  look  to  the  other 
itiacttve  producta  produced  during  the  radioactive  changes.    The  a 
particU-d  expelled  from  the  radioactive  product  are  themselves  non- 
radioactive.   The  measurement  of  the  ratio  ^  shows  that  they  have 
*.n  apparent  mass  intermediate  between  that  of  the  hydrogen  and 
helium  atoms.  If  the  □  particles  consist  of  any  known  kind  of  matter 
t.hcy  must  he  either  atoms  of  hydrogen  or  of  helium.  The  actual  value 
of  i  has  not  yet  been  determined  with  an  accuracy  mifficient  to 
give  a  definite  answer  to  the  question.  On  account  of  the  very  slight 
cur\'ature  of  the  path  of  the  a  particles  in  a  strong  magnetic  or  electric 
field,  an  accurate  determination  of  ~  ts  beset  wnth  great  difTicultice. 
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The  exiwriniental  pruhlem  is  still  further  complinaled  by  the  fact  that 
thp  a  particles  escuptng  from  &  mass  iif  radium  have  not  all  the  same 
velocity, ami  inronsrajucncc  it  isdifHcult  to«lraw  a  definite  conclusion 
from  ttir  obBtTvcd  deviation  of  the  complex  pencil  of  rays. 

The  riMiilta  so  fur  obtaiiiftJ  are  not  int;oii»iateiil  with  the  view  that 
the  a  particles  are  helium  atoms,  and  indeed  it  is  difficult  to  escape 
from  such  a  ronclusion.  On  sunh  a  view,  the  helium,  which  is  gmd- 
ually  produced  in  thp  emanation  tube,  is  due  to  the  collection  of  a 
particles  expelled  during  the  dislntpgration  of  the  emanation  and  ita 
further  products.  This  conclusion  is  suppnrtrd  hy  evidrncc  of  another 
character.  It  ia  known  that  thorium  nnnrnils  like  monaalte  sand  con- 
tain u  largo  quantity  of  helium.  In  this  respect,  they  do  not  differ 
from  uranium  minerals  which  arc  rich  in  radium.  The  only  common 
product  of  the  different  radioactive  sub.stnnee-s  is  the  a  particle,  and 
the  occurrence  of  helium  in  all  radioactive  minerals  is  most  simply 
explained  on  the  supposition  that  the  a  particle  is  a  projected  helium 
atom.  This  conclumon  could  be  indirectly  tested  by  examining 
whether  helium  is  produced  in  other  substances  besides  radium,  for 
example,  in  actinium  and  polonium. 

The  experimental  determination  of  the  origin  of  helium  is  beaet 
with  difiieulty  on  all  eides.  If  the  a  particle  is  a  helium  atom,  the  total 
volume  of  helium  produced  in  an  emanation  tube  should  be  three 
times  the  initial  volume  of  Ihe  emanation  present,  since  the  eman- 
ation in  its  rapid  changes  gives  rise  to  three  product*  each  of  which 
emits  a  particles.  This  is  based  on  the  assumption ,  which  seems  to  be 
borne  out  by  the  experiments,  that  each  atom  of  each  product  in 
breaking  up  expels  one  a  particle.  ThiH  at  firat  sight  offors  a  simple 
experimental  means  of  settling  the  quetrtion,  but  a  dilficulty  ariHe.i  in 
accurately  determining  the  volume  of  helium  produced  by  a  known 
quantity  of  the  rarlium  emanation.  It  would  Iw  expected  that,  if  the 
emanation  were  isolated  in  o  tube  and  left  to  stand,  the  volume  of  gas 
in  the  lube  should  increase  with  time  in  consequence  of  the  liberation 
of  helium.  In  nn<s  case,  however,  Ramsfty  and  Soddy  ob.'»r\'ed  an 
exactly  opposit-e  result.  The  volume  diminished  with  time  to  a  small 
fraction  of  its  original  value.  This  diminution  of  volume  was  due  to 
the  decomposition  of  the  emanation  into  a  non-gascoiis  lype  of  matter 
dcposit<?d  nn  the  walls  of  the  tulK',and  followed  the  law  of  decrease  to 
be  expected  in  such  a  case,  namely,  the  volume  decreased  according 
to  an  exponential  low  with  the  time,  falling  to  half  value  in  four  days. 
The  helium  produced  by  the  emanation  must  have  been  absorbed  by 
the  walls  of  the  tube.  Such  a  result  is  to  be  expected  if  the  particle  is 
a  helium  atom,  for  the  a  particle  Is  projected  with  a  velocity  sufficient 
to  bury  itself  in  the  glass  to  a  depth  of  about  j^  mm.  Tliis  buried 
helium  would  probably  be  in  part  released  by  the  heating  of  the  tuba, 
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Slick  as  occurs  wiUi  the  strong  electric  discliargc  vnipluycd  in  the 
jprrtniscopic  Jetcotion  of  helium.  Kftinnay  and  Soddy  hflvf  irxaminwl 
tbr  ^lUB  lubes  in  which  the  emanation  hsd  been  eonhnod  for  some 
time,  10  see  if  the  buried  helium  was  released  by  heat.  In  some  cases, 
inets  of  helium  were  ob9or\-cd. 

Accurate  meamirementA  of  the  value  of  '  fnr  thp.  a  partinlc,  and 
aba  an  accurate  determinatian  of  the  relative  volume  of  the  emana- 
lion  and  the  helium  produced  by  it,  would  pn)bably  definitely  settle 
ihit  fundamental  qiicwt  inn. 

Certain  very  important  conacquencca  follow  on  the  awiitmption 
that  the  a  purticlo  ii5.  in  all  ca«cit,  an  atom  uf  hulium.    It  ha^  already 
b«cn  ^own  that  the  nidio-clctncnta  arc  Iraiisformed  into  a  eucccaaion 
of  new  siibslances,  most  of  which  in  breakinp  up  emit  an  a  particle. 
OaBueha  view,  the  atom  of  radium,  thorinm.  uranium,  and  actinium 
must  be  siippawd  to  he  built  up  in  part  nf  helium  atoms.   In  radium, 
ot  lesiH  Sve  producta  of  the  change  emit   a  particles,  so  that  the 
'*dium  atom  must  contain  at  least  five  iitomn  of  helium.   In  a  similar 
"*y,  the  atoms  of  actinium  and  thorium  (or  if  thorium  itwrlf  be  not 
rartioactive,  the  atom  of  the  active  substance  prc-sont  in  it)  must  be 
ecrnpoundfi  of  helium.  These  compounds  of  helium  are  not  stable,  but 
spontaneously  break  up  into  a  suceession  of  substances,  with  an 
wolution  of  helium,  the  disintegration  taking  place  at  a  definite  hut 
•Herent  rat*-  at  each  stage.     Such  compounds  are  sharply  distin- 
KUicilied  in  their  behavior  from  the  molecular  compounds  known  to 
eheinistiy.  In  the  first  place,  the  radioactive  compounds  disintesrate 
«poTitflneou5ly  and  at  a  rate  that  is  independent  of  the  physical  or 
rfieiiiicaj  forces  at  our  control.   Changes  of  temjierature,  which  exert 
*och  a  marked  influence  in  altering  the  rate  of  molecular  reactions  are 
°^^^  almost  entirely  without  influence.   But  the  moat  striking  feature 
"'   the  disintegration  is  the  expulsion,  in  most  cases,  of  a  product  of 
*"&  change  mith  very  great  velocity  —  a  result  never  observc<i  in 
*"^inary  chemical  reactions.   This  entAils  an  enormous  liberation  of 
^'i^rgy  during  the  change,  the  amount,  in  most  cases,  being  about  one 
t»illion  tiroes  as  great  as  that  observed  in  any  known  chemical  reac- 
tion. In  order  to  account  for  the  expulsion  of  an  a  nr  ji  particle  with 
*^^c*  observed  velocitiesjt  is  necessary  to  suppoMc  that  their  particles 
*Xigt  in  a  state  of  rapid  motion  in  the  system  from  which  they  escape. 
Va.TiatioD  of  temperature,  in  most  cases,  docs  not  seem  to  affect  the 
*l-a  btlity  of  the  sy-iitem. 

Tt  L<t  well  eetabtiahed  that  the  property  of  radioactivity  is  inherent 
in  the  radio-atoms,  irinep  the  activity  of  any  radioactive  compound 
depends  only  on  the  ammmt  of  the  element  prrwnt  and  is  not  uffcctcd 
l*y  chemical  treatment.  As  far  as  observation  has  gone,  both  uranium 
^^  radium  behave  as  ctemente  in  the  usual  accepted  chemical  sense. 
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They  spontaneously  break  up,  but  tbu  rate  of  their  diaiatcgration 
seems  to  be,  in  most  cases,  quit*  independent  of  chemical  control. 
In  this  respect,  the  radioactive  bodies  occupy  a  unique  position.  It 
seems  reasonable  to  mippoee  that  while  the  radioactive  substances 
behave  chemiraliy  as  elemenUs,  they  are.  in  reality,  compounds  of 
simpler  kinflfi  <^f  matter,  held  together  by  much  gtronger  forces  than 
ttioae  which  exist  between  the  components  of  ordinary  molecular 
compounds.  Apart  from  the  property  of  radioflcti\'ity,  the  radio- 
ctements  do  not  show  any  chemical  properties  to  dislinguish  them 
from  the  non-radioactive  elements,  except  their  very  high  atomic 
weight.  The  above  coneideratione  thus  evidently  suggest  that  the 
heavier  inactive  elements  may  also  prove  to  be  composite. 


IX.    Ori^n  of  the  Radio-Elementi 
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Wc  have  seen  that  the  radio-elements  are  continuously  breaking 
up  and  giving  rise  to  a  succession  of  new  substances.  In  the  cose  of 
uranium  and  thorium,  the  disintegration  proceeds  at  such  a  stow  rate 
that  in  all  probability  a  period  of  about  1000  million  years  would  be 
required  before  half  the  matter  present  is  transformed.  In  the  case  of 
radium,  however,  where  the  process  of  disintegration  proceeds  at  over 
one  million  times  the  rate  of  uranium  and  thorium,  it  is  to  be  expected 
that  ft  measurable  proportion  of  the  i-adium  should  be  transformed 
in  s  single  year.  A  quantity  of  radium  left  to  itaelf  inuKt  gradually 
disappear  as  such  in  consequence  of  its  gradual  tranBfoniiation  into 
other  substances.  This  conclusion  necessarily  follows  from  the  known 
experimental  facts.  The  radium  is  continuously  being  transformed 
into  the  emanation  which  in  turn  is  chan^d  into  other  lypra  of 
matter.  Since  there  is  no  evidence  that  the  process  is  reversible, 
all  the  radium  present  muet,  iu  the  course  of  time,  be  transformed 
into  emanation.  The  rate  at  which  radium  is  being  transformed  can 
be  approximately  calculated  either  from  the  number  of  a  particles 
expelled  per  second  or  from  the  obson'ed  volume  of  the  emanatioii 
produced  per  secood.  Both  methods  of  calculation  asree  in  fixing 
that  in  a  gram  of  radium  about  one  milligram  i»  transformed  per 
year.  From  analog}'  with  other  radioactive  changes,  it  is  to  be 
expected  that  the  rate  of  change  of  radium  would  be  always  propor- 
tional to  the  amount  present.  The  amount  of  radium  would  thus 
decrease  exponentially  with  ihc  time,  falling  to  half  value  in  about 
1000  years.  On  this  point  of  view,  radium  bchav(»  in  a  similar  way 
to  the  other  known  products,  the  only  difference  being  that  its  rate 
of  change  is  glower.  We  have  already  seen  that,  in  all  probability, 
the  product  radium  D  in  half  transformed  in  about  40  years  and  ra- 
dium E  in  about  one  year.  In  regard  to  their  rate  of  change,  the  two 
substances  radium  D  and  E,  which  arc  half  transformed  in  about  40 
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yeaTS  and  1  year  respectively,  occupy  an  iDtermedUte  position  be* 
tween  the  rapidly  changing  substancps  like  radium  A,  B,  and  C  and 
the  sJowIy  changing  parent  eubistancc  rudium. 

If  the  earth  were  supposed  to  have  been  initially  composed  of  pure 
radiunij  the  activity  20.000  ycare  later  would  not  be  greater  than  the 
activity  observed  in  pitchblende  to-day.  Since  there  is  no  doubl  that 
the  earth  h  much  older  than  thia,  in  order  to  account  for  the  existence 
of  radium  at  all  in  the  earth,  it  \s  necessary  to  suppose  that  radium 
is  continuously  produced  from  some  other  substance  or  substances. 
On  this  view,  the  present  supply  of  radium  represents  &  condition  of 
approximate  equilibrium  where  the  rate  of  production  of  fresh  radium 
baluuet's  llie  rattt  of  transformation  of  the  radium  already  present.  In 
looking  for  a  possible  source  of  radium,  It  is  natural  to  look  to  the  sub- 
stances which  are  always  found  associated  with  radium  In  pitchblende. 
UraDlum  and  thorium  both  fulfill  the  condiiiou^  nt-ee^aary  to  be  a 
source  of  radium,  for  both  are  found  associated  with  radium  and  both 
have  a  rate  of  change  slow  compared  with  radium.  At  the  present 
time,  uranium  Heems  the  most  probable  souree  of  radium.  The  activ- 
ity observed  in  a  good  specimen  of  pitchblende  is  about  what  is  to 
be  expected,  if  urauium  breaks  up  into  radium.  If  uranium  is  the 
parent  of  radium,  it  ia  to  iic  expected  that  the  amount  of  radium 
present  in  different  varieties  of  pitchblende  obtained  from  different 
eources  should  always  be  proportional  to  the  amount  of  uranium  con- 
tained in  the  minerals.  The  recent  experiments  of  BoUwood,  Strutt, 
and  McCoy  indicate  that  this  is  very  appro3dmately  the  case.  It  is 
not  to  be  expected  that  the  relation  should,  in  all  caws,  be  very  exact, 
since  it  is  not  improbable,  in  uome  cases,  that  a  portion  of  the  active 
materia]  may  be  removed  from  the  mincriU,  by  the  action  of  perco- 
lating water  or  other  chemical  agencies.  The  results  so  far  obtained 
strongly  support  the  view  that  radium  is  a  product  of  the  diisinte- 
gratioo  of  uranium.  It  should  be  possible  to  obtain  direct  evidence 
on  this  question  by  ercamining  whethRr  radium  appears  in  uranium 
compouodii  which  Imvc  been  initially  freed  from  radium.  On  account 
of  thcdclicacy  of  the  electric  test  of  radium  by  means  of  its  emanation, 
the  question  can  very  readily  be  put  to  experimental  triol.  'JTiis  has 
been  done  for  uranium  by  Soddy  and  for  thorium  by  the  writer,  but 
the  results,  so  far  obtained,  are  negative  in  character,  although,  if 
radium  were  produced  at  the  rate  to  be  expected  from  theory,  it 
should  ver>'  readily  have  been  detected.  Such  experiments,  however, 
taken  over  a  pi-riod  of  a  few  months,  arc  not  decisive,  for  tt  is  by  no 
means  Improbable  that  the  parent  clement  may  pass  through  several 
slow  changes,  poBBibly  of  a  "rayless"  character,  before  it  is  trana- 
formed  into  radium.  In  such  a  case,  if  these  intermediate  products 
are  removed  by  the  same  chemical  process  from  the  parent  element, 
there  may  be  a  long  period  of  apparent  rctardaliou  before  the  radium 
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appears.  The  considerations  advanced  to  account  for  radium  apply 
equally  well  to  actioium,  which  in  all  probability,  when  isolated,  n-ill 
prove  to  be  an  element  of  the  same  order  of  activity  as  radium.  The 
most  important  problem  at  present  in  the  Btudy  of  radioactive  min- 
erals is  not  the  attempt  to  discover  and  isolate  new  radioactive  sub- 
stances, but  to  correlate  thoue  atreiidy  discovered.  Some  progrpse 
has  already  brrn  made  in  reducing  the  number  of  difTcrcot  radio- 
active substances  and  in  indicating  the  origin  of  aomc  of  them.  For 
example,  there  is  no  doubt  that  the  "  emanating  Bubstance"  of  Giesel 
eontains  the  same  radioactive  substance  as  the  aetinium  of  Debieme. 
In  a  similar  way,  there  is  very  strong  evidence  that  the  active  con- 
stituent in  the  polonium  of  Mmie.  Curie  is  identical  with  that  in  the 
radio-tellurium  of  Marckwald.  The  writer  has  recently  shown  that 
the  active  confitituent  in  radio- tellurium  or  polonium  is,  In  all  prob- 
ability, a  disintegration  product  of  radium  (radium  E).  The  same 
eonsiderntions  apply  to  the  riulto-!ead  of  Hofmann,  which  is  probably 
identical  with  the  product  radium  D.  It  still  remains  to  be  shown 
whether  or  no  there  ia  any  direct  family  connection  between  Lbe 
radioactive  substances  uraniurar  thorium,  radium,  and  actinium. 
It  seems  probable  that  some  at  least  of  these  substances  will  prove  to 
be  lineal  descendants  of  a  single  parent  element,  in  the  same  way 
that  the  radium  products  are  lineal  descendants  of  radium.  The 
subject  is  capable  of  direct  attack  by  a  combiiuilion  of  physical  and 
chemical  methods,  and  there  ia  every  probability  that  a  fairly  definite 
answer  will  soon  be  forthcomiug. 


X.  Hadioartivity  of  the  Earth  and  Atmmphere 


J 


It  is  now  well  established,  notably  by  the  work  of  EUter  and  Geitel, 
that  radioactive  matter  is  widely  distributed  both  in  the  earth's 
crust  and  atmosphere.  There  is  undoubted  evidenot'  o(  the  presence 
of  the  radium  emanation  in  the  atmosphere,  in  spring  water,  and  in 
ur  Buoked  up  through  the  soil.  It  still  remains  to  be  settled  whether 
the  observed  radioactivity  of  the  earth's  crust  is  due  entin^ly  to 
shght  traces  of  the  known  radioactive  elements  or  to  new  kinds  of 
radioactive  matter.  It  is  nut  improbable  that  a  close  examination 
of  the  radioactivity  of  the  different  soUa  may  lead  to  the  discovery  of 
radioactive  substances  which  are  not  found  in  pilchblrnde  or  other 
radioactive  minerals.  The  extraordinary  delicacy  of  the  electro- 
acopic  test  of  radioactivity  renders  it  possible  not  only  to  delect  Uie 
presence  in  inactive  matter  of  extremely  minute  traces  of  a  radio- 
active Esubstance,  but  also  in  many  cases  to  settle  quickly  whether 
the  radioactivity  is  duo  to  one  of  th©  known  radio-elements. 

Tlie  observations  of  Elster  and  Geitel  render  it  probable  that  the 
radioactivity  obser^'cd  in  the  atmosphere  is  due  to  the  presence  of 
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radioactive  eniauatioDS  or  gases,  whicli  are  carried  to  Uie  surface 
by  llie  escape  of  uadcrgrouiid  water  and  by  diffuaoD  Ihroiigli  the 
etal.  Indeed,  it  is  dilBcult  to  avoid  euvU  a  conclusiun.siticc  there  is 
no  evidence  that  any  of  the  kuowD  cuusiitucnte  of  Uie  atmosphere 
are  mdio&ctive.  Concurrentiy  with  observations  of  the  radioarlivity 
of  the  atmosphere,  cxperimentR  have  been  made  on  the  amount  of 
tonliatlon  in  the  atmofiphere  itself.  It  is  important  to  settle  what 
pari  of  this  ionization  is  due  to  the  presence  of  radioactive  matter  iu 
the  almoephcre.  Compariaona  of  the  rclutive  umouut  oi  active  umtter 
&nd  of  the  iooiiation  in  the  atmo8p!tcrc  over  land  and  sea  will  prob- 
ably throw  light  on  this  importnnt  problem. 

The  wide  distribution  of  rs<lioactive  matter  in  the  soils  which  have 
so  far  been  examined  hm  raised  the  question  whether  the  presence 
of  radium  and  other  radioactive  matter  In  the  earth  may  not,  in 
pftrt  at  least,  be  rrsimnnible  fur  the  internal  hejit  of  the  earth.  It 
can  readily  be  calculated  that  the  presence  of  radium  (or  equivalent 
amounts  of  other  kinds  of  radioactive  matter)  to  the  extent  of  about 
five  parts  in  one  hundred  million  million  by  mass  would  supply  as 
much  heat  to  the  earth  as  is  lost  at  present  by  conduction  to  its  sur- 
face. It  is  certainly  mgnififant  that,  as  far  as  observation  has  gone, 
the  amount  of  radioactive  matter  present  in  the  soil  is  of  this  order 
of  magnitude. 

The  production  of  helium  from  radium  indtre«tly  suggests  n  method 
of  calculation  of  iho  age  of  the  deposits  of  rndioaetivc  minerals. 
It  seems  reasonable  to  suppose  that  the  helium  tilways  found  asso* 
ciaicd  with  radioactive  minerals  is  a  product  of  the  decomposition 
of  the  radioactive  matter  present.  About  half  of  the  helium  is  re- 
moved by  heating  the  mineral  and  the  other  half  by  Bolution.  It 
thus  docs  not  seem  likely  that  much  of  the  helium  found  in  the 
mineral  escapes  from  it,  so  that  the  amount  present  represents  the 
qtiantity  produced  since  its  formation.  If  the  rate  of  the  production 
of  helium  by  radium  (or  other  radioactive  substance)  is  known,  tbe 
age  of  the  mineral  can  at  once  be  estimated  from  the  observed 
volume  of  helium  stored  in  the  mineral  and  the  amount  of  radium 
present.  All  these  factore  have,  however,  not  yet  been  determined 
with  sufficient  accuracy  to  make  at  present  more  than  a  rough  esti- 
mate of  the  age  of  any  particular  mineral.  An  estimate  of  the  rate  of 
production  of  helium  by  radium  has  been  made  by  Ramsay  and 
Soddy  by  an  indirect  method.  It  can  be  deduced  from  Uicir  result 
that  1  gram  of  radium  produces  per  year  avolumeof  helium  of  about 
26  cubic  nuns,  at  standard  presE^urc  and  temperature.  They,  how- 
ever, consider  this  to  be  an  underestimate.  On  the  other  hand,  if  the 
a  particle  is  a  helium  atom,  it  can  readily  be  calculated  that  1  gram 
of  radium  produces  per  year  about  '200  cubic  nuns,  of  helium. 

Let  us  consider  for  exauiple  the  mineral  fergusouite.  Ramsay  and 
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Travcrshaveehownthat  it  yields  about  1.8  cc. of  helium  pergram  and 
contains  about  7  per  cent  of  uranium.  It  cad  readily  be  deduced 
from  known  data  that  each  gram  of  the  mineral  coutains  about  one 
four-millionth  of  a  giam  of  radium.  Supposing  that  one  gram  of 
radium  produces  |  cc.  of  helium  per  year,  the  ago  of  the  mineral  is 
readily  seen  to  be  about  40  million  years.  If  the  abuve  rate  of  pro- 
duciion  of  helium  by  radium  is  an  overestimate,  the  time  will  be 
corrtwpondingly  longer.  I  think  there  h  little  doubt  that  when  the 
data  required  are  accurately  known  this  method  can  be  applied, 
with  considerable  confidence,  to  determine  the  age  of  the  radioactive 
minerals. 

XI.  Radioactimty  «/  Ordinary  Matter 

The  projwrty  of  radioactivity  is  eihibited  to  the  most  marked 
extent  by  tlie  radioactive  substances  found  in  pitchblende,  but  it  i^ 
natural  to  ask  the  question  wliethcr  ordinary  matter  posisessca  tliis 
property  to  on  appreciable  degree.  The  experiments  that  have  eo 
far  been  made  show  couclusivcly  tliat  ordinary-  matter,  if  it  poMoeaefl 
this  property  at  all,  does  so  t.o  a  minute  extent  compared  with 
uranium.  It  has  been  found  that  alt  the  matter  that  has  so  far  be-en 
examined  shows  undoubted  traces  of  radioactivity,  but  it  is  very 
difliculb  to  show  that  the  radioactivity  observed  iji  not  due  to  a 
minute  trace  of  known  radioactive  matter.  Even  with  the  extra- 
ordinarily delicate  methods  of  detection  of  radioactivity,  the  efiecta 
observed  arc  so  minute  that  a  definite  eettlement  of  the  queation 
is  experimentally  very  difficult.  J.  J.  Thomson  has  recently  given  an 
account  at  the  Meeting  of  the  British  dissociation  of  the  work  done  on 
this  subject  in  the  Cavendish  Laboratory,  and  has  brought  forward 
experimental  evidence  that  strongly  supports  the  view  that  ordinary  , 
matter  does  show  specific  radioactivity.  Different  substances  were  I 
found  to  give  out  radiations  that  differed  in  quality  as  well  as  in 
quantity.  A  promising  beginning  has  already  been  made,  but  a  great 
deal  of  work  still  remains  to  bo  done  before  such  an  important  con- 
clusion can  be  considered  to  be  deiimlelv  established. 
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niDnuMAtt  R.  A.  MnxncAH,  of  thc^  Univrrnty  of  ChicAgo,  proKntod  &  pajwr  to 
t.lxI*Sectk)a  on  "The  Rdntion  belwe^D  the  Radioactmty  and  the  Uraaium  Cod- 
•■•^nt  of  Certain  Minerals,"  of  which  Mm  following  is  un  abstract: 

la  March,  1904,  Ui«  author,  ai»ist«<l  by  Ur.  H.  A.  Nichols,  AMwtant  Cur&tor  of 
C3«<okigy  at  the  Fidd  Columbian  Museum  (Chicngo).  bc-gan  an  invrstiKAlion  of  Ihc 
a*^lat4on  btt-we*o  the  radioaettvity  and  the  uranium  content  of  uranium-beaHiig 
^KVOnaU  with  a  view  to  aacertaintDg  whether  the  radioactive  mbetuQCca  found 
ixK  pitcfablmiie  am  nut  nil  tiecompoaitlon  producta  of  uranium.  If  such  be  the 
omaa  th«  ratio  betweeu  the  uranium  Mintent  and  the  rndionctivity  of  iirnniiim 
ovilHit  obviouoly  to  be  ooiuUuit,  in  ca»c  t)w  itanumption  may  be  nuide  that  thn 
aL«;tive  products  of  the  d«coinpoation  are  oot  washed  out  of  the  mineral  by  pei^ 
^voUting  water  or  other  ogcocii^. 

&Bce  the  beginning  of  this  ioveetlgatlon  acme  preliminary  rMuIts  have  beto 
^^^hUahMl  iD  AToturv  by  Koltwood  whicli  inilieftbe  n  eonKtiuicy  in  this  ratio  in  the 
-^^aae  of  a  few  American  ortswtuch  he  baa  exiuuiuL-d,  McCoy  {rj.  Brr.d.Chtm.Ot*. 
^^4, 3043)  baa  alno  found  a  nmilar  indication  of  constnticy  in  the  caM  of  the  six 
«A  iflerent  Idnda  of  uranium  inin«rals  which  ho  has  studied. 

The  preaeot  inveetigation  ie  not  yet  coiDplcte,  but  bo  far  as  it  haa  gone  it  fur- 
K&iihM  additional  evidence  in  support  of  lhi<  viiiw  that  uranium  is  the  pai«nt  of 
^v^itnn,  for  it  extends  somewhat  the  number  of  minorsJs  for  which  tha  ratio 
^attwom  the  activity  and  the  uranium  content  in  approximately  oonstant.  The 
f  olloviag  table  girea  the  resulta  thus  far  obtained. 
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It  nil)  he  aren  that  thit  dpparturea  from  the  mean  value  of  the  ratio  amotoit  in 
■MOW  caaefl  to  as  much  as  13  %,  hut  this  was  found  to  be  no  mnro  than  tho  dlf- 
iercnocs  which  might  be  obtained  by  "neur^Bcinc"  the  eame  apocimeu  of  a  given 
auhetance. 

The  mcaaur«ra«nt8  on  octi^'ity  mm  all  made  as  foUowa:  three  hundred  mg.  of 
the  very  carefully  powdered  mineral  were  spread  as  iiniformly  ns  ponihlo  over 
Usee  aquare  tncbps  of  a  mptal  *h«>et.  Tliiit  iihei-t  was  llien  plnced  ujmd  the  lower 
plats  of  an  alr-condcnscr  which  was  connected  with  one  pair  of  (luadranti)  of  an 
dectemieteT.  the  other  piur  being  earthed ,  The  condcnwi^plntra  vnrv  tMi  cm.  on 
aride  aod  3  cm,  apart.  A  potential  of  one  hundred  and  thirty  volts  was  applied  to 
Ibe  upper  condensci^ plate,  and  tho  rate  of  choj^iag  of  the  electrometer  noted. 
The  potential  to  which  thr;  mu-^llf  of  the  electromeU-r  was  charged  was  one  hundred 
nd  twenty-five  volts.  The  chemical  analyses  were  all  made  by  Mr.  Nichols. 
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(//aU  5.  September  20,  4.1S  p.  m.) 
Cbubuar:    PnonsBBOB  Jauss  M.  Crajtb,  MAasuchuscttA  Institute  of  Technev- 

SfliXSM:     FHOrESlKiR  JOHK  U.  Nbt,  UaivcTKttv  or  Ctitc-n^. 

FxonBBOK  FsAKK  W.  CtARKE.  Chief  Ch<etaiRt,  U.  8.  Geological 
Survey. 


Tbb  Chairman  of  the  Department  of  Chemistry  was  Professor 
James  M.  Crafts,  of  the  Mosaocliusctts  Inatitutc  of  Tecluiolugy,  who 
in  opening  the  work  of  the  Department  spoke  of  the  great  Ktiinulus 
which  American  chemists  owed  to  European  laboratories  and  the 
lively  remembrance  of  the  freedom  of  these  laboratoriefi  and  pricetesa 
instruction  given.  The  application  which  Americans  make  of  tho 
scientific  methods  acquired  abroad  are  characteristic  of  our  nation- 
ality, but  at  the  same  time  strongly  reminJHcent  of  other  Rources. 

The  de<,'ade  within  which   this  Congress  meets  baa  been  one  of 
«xtraordiimry  iutereat  in  the  liisUiry  of  cheniiatry.    I  any  a  decade, 
although  perhaps  I  aliould  say  a  half-deceidc,  since  we  are  told  by  the 
^British  Premier,  addrt-eaing  the  meeting  for  the  advancement  of 
ecicDce  at  Cambridge,  that  "until  five  years  ago  our  race  has  without 
exception  lived  and  died  In  a  world  of  illusions."    His  admirably 
turned  periods  ap]iear  to  nignslize  our  old  conceptumn  of  the  consti- 
tution of  matter  as  the  chief  among  iliuttidntt,  and  he  seenis  to  look 
-forward  to  the  immediate  replacement  of  the  false  doctrine  by  a 
morB  idealistic  conception  of  the  universe.     Tbv  atomic  throry  is 
naturally  dismissed  with  censure,  and  thus  we  have  taken  away  from 
us  those  blocks  with  which  we  built  so  happily  our  toy  houses  in  the 
daj's  of  our  innocent,  childish  faith.    The  Inst  Faraday  lectiirer  has 
boon  less  cruel,  for  although  he  has  no  faith  in  the  indivisibility  of 
mtORis,  from  which  we  can  knock  off  electrons,  nor  in  the  individu- 
ality of  the  Hcmenta,  hie  criticism  is  not  merely  negative,  but,  like 
a  truly  scientific  engineer,  he  offcra  us  a  new  model  for  our  construc- 
tions,    Professor  Ostwald  invites  us  to  enter  a  beautiful  stalactite 
cavern,  groping,  indeed,  in  some  obscurity,  but  with   the  vision  of 
a  brighter  light  beyond. 

The  observations  of  the  Rontgen  and  Recquerel  rays  have  led  in 
Germany,  France.  Kngland,  and  Canada  to  a  study  of  emanations, 
which  has  been  difitingiiished  by  extreme  skill  in  the  invention  of  new 
methods  and  by  the  minute  study  of  phenomena,  which  seemed  even 
a  year  ago  beyond  the  roach  of  human  ingenuity. 
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The  simplpst  etatoment  of  facts  is  sufficiently  wonderful  and  mys- 
terious. Although  Dot  more  ihao  two  or  three  grains  of  radium  have 
been  gathered  from  the  earth's  crust,  ite  natural  hiatory  is  already 
well  developed,  and  at  tateat  newa  we  are  tcld  that  one  gram  of 
radium  bromide  will  evolve  0.0022  milligrams  of  helium  in  one  year; 
that  the  life  of  a  radium  atom  is  1050  years,  or,  in  another  experiment, 
1250  yeare. 

It  may  be  said  that  within  this  decade  the  knowledge  of  the  struc- 
ture of  carbon  compounds  has  become  so  complete  tb&t  the  way  to  the 
production  of  the  most  useful  bodies  haa  become  evident  In  theory, 
and  [  need  not  remind  you  of  the  consequent  achievements  by  that 
happy  combination  of  pure  and  indu»tria!  science  in  Germany. 

Alao  within  this  decade,  tbe  someivhat  neglected  study  of  mineral 
chcmiwto'  has  acquired  unexpected  interest  by  the  discovery  in 
France  of  metallic  carbides  and  nitrides,  formed  at  temperatures 
comparable  with  those  of  the  sun,  and  thcBc  discoveries,  besides  giving 
rise  to  most  unexpected  industrial  applications,  show  entirely  new 
possibilities  for  the  geology  of  the  primitive  rocks. 

The  active  pursuit  of  physiral  chemistry  has  extended  over  some 
thirty  years.  Great  dates  are  the  publication,  just  two  decades  ago, 
of  van  t  HafT'H  Eludes  dr.  dynamique  chimique,  and  one  yc&r  after- 
wards of  Ontwald'H  AUgemcine  Chcmie;  and,  again,  ten  years  ago  Dix 
Ann^ts  d'une  Thforie. 

Suffice  it  to  eay  that  the  title,  General  Chemistry,  has  been  amply 
justified.  The  attractive  presentation  of  bold  theories,  their  rapid 
confirmation  by  experiment,  and  the  completeness  of  treatment  by 
the  founders  of  the  new  science  have  led  to  the  immediate  acceptance 
of  their  \'iew8,  until  the  mathematical  analysis  of  chemical  pheno- 
mena has  become  the  dominating  feature  of  our  science,  and  haa 
transformed  our  methods  of  thought,  as  Kepler  and  Newton^ 
theories  transformed  the  study  of  astronomy. 
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ON    THE    FUNDAMENTAL    CONCEPTIONS    UNDERLYING 
THE  CHEMISTRY   OF  THE  ELEMENT  CARBON 

BT  JOHN  ULRIC  NKF 

(John  Utric  Ktl.  Professor  of  ChuniBttT.  and  head  of  the  Chemica]  Dip«Ttment , 
Univcrutr  of  Clikutfto.  b.  U<.'mttu,  Ciuitnii  Appt-ii»ll,  Switserland,  June  14) 
18«2.  A.B.  HMvnjTd,  \6»i:  Ph.I>,  Mnnich.  1&^;  Kirkhuid  FtJIow,  Uarvwd. 
18S4-87.  Vntrmar,  Purduo  UmvcrHtv,  1887-80;  Aaaiattuit  Pnttmor,  Clark 
t'nivcrrily,  lSt»-93;  Profewor.Umventttv  u(  Cbicago.  si&co  1602.  Hootbcf  of 
Aouriean  Aondomy  of  ArU  and  Scicace,XutioW  Acadumy  of  S<i«noM,  Royal 
Sodety  of  Scionco,'  UpatUa,  Sw«<Ien.| 

Tveo  fundamental  concoptiocs  underlie  our  present  system  of 
carbon  chemistry.  First,  the  idea  of  the  constant  quadrivalence 
of  carbon,  which  explains  most  adequately  the  existence:  of  the  vast 
Biray  of  carbon  compounds.  Second,  the  conception  of  eubBtitution 
or  metalepeis,  which  gives  us  a  basis  for  interpreting  many  of  the 
ratctioDs  shoTvn  by  these  substanceb. 

These  ideas  are,  however,  in  the  light  of  investigations  of  the  past 
twenty  years,  inadequate;  they  must  be  replaced  by  the  coiioeption 
of  a  variable  valence  of  carbon  and  by  the  conception  of  dissociation 
in  its  broadest  sense.  A  rigid  application  of  the  latter  cunccptioa 
lives  a  far  simpler  basis  (or  interpreting  all  the  reactions  of  carbon 
ebemistry;  they  are  naturally  also  applicable  to  the  chemistry  of 
,  "D  the  other  elements. 


I.  On  the  Valence  o]  the  Carbon  Atom 

The  progress  of  organie  chemistry  since  IS-W  is  due  chiefly  to  the 
development  of  a  few  verj-  simple  ideas  concerning  the  valence  of 
the  elements,  ideas  which  were  first  clearly  and  fully  presented  at 
that  time  by  Kekulfi. 

Hydrogen,  oxygen,  aad  nitrogen  arc  the  elements  which  moat 
fre<iuently  eombine  with  carbon  to  form  the  so-called  organic  com- 
poiinils.  Since  the  compounds  of  one  atom  of  oxygen,  nitrogen,  or 
Carlwn  with  hydrogen  possess  the  empyrical  formula,  0  =  H,.  N  =  Hi, 
CsH,,  the  conception  naturally  presents  itself  that  the  capacity 
of  the  various  cli.;mcnta  for  holding  hydrogen  at<mi3  varies.  Oxygen 
is  capable  of  holding  two  such  atoms,  nitrogen  holds  three,  and  car- 
bon four  atoms  of  hydrogen. 

Therefore  we  assume,  taking  hydrogen  as  our  unit,  that  the  valence 

I 
of  the  elemeDt  oxygen  is  two,  —  0  — ,  of  nitrogen,  three,  -  N  — ,  and 

I 
of  carbon,  four,  —  C  — . 

I 
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Without  going  into  mucli  dotail  conccmiiig  the  nature  of  valence, 
or,  what  U  the  same  tiling,  concerning  the  nature  of  the  forces  in- 
herent in  our  atoms,  we  ansume  briefly  that  every  atom  of  an  ele- 
ment pussedsen  one,  two,  three,  four,  or  more  such  unit«!  of  force,  and 
■we  call  the  cJenwut  univaltrnt,  bivalent,  trivalent,  quadrivalent,  ete.. 
ecourdtug  to  the  niimder  of  Buch  units  it  poBsessea.  ll  ia  by  virtue 
of  th«  existence  of  these  uoiba  of  force  that  the  compounds  made  up 
of  the  same  or  of  various  elementary  atoms  exist.  Wc  assume  that 
in  CTirh  a  molecular  compound  the  atoms  are  hound  one  to  another 
in  B  definite  way  by  means  of  their  affinity  units. 

Since  the  development  of  these  ideas  concerning  the  valence  of  the 
elements  there  ha.**  been  a  great  deal  of  work  carrii-d  on  with  the  ob- 
ject of  determining  whether  the  valence  of  an  element  iii  constant  or 
whether  it  may  vary;  the  majority  of  chemists  ore  now  com-inced 
that  it  may  vary,  llic  valence  of  nitrogen  may  be  three  or  five.  The 
valences  of  hydrogen,  oxygen,  and  earbon,  on  the  other  hand,  have, 
until  recently. been  assumed  always  to  remain  constant,!,  e.,  one,  two, 
and  four,  respectively. 

Since  the  complexity,  the  very  great  variety  and  number  of  exist- 
ing compounds  containing  carbon  are  unquestionably  to  be  Attrib- 
uted to  the  peculiar  nature  of  the  forces  inherent  in  the  carbon  atom, 
let  us  consider  a  little  more  in  detail  what  bypotfaescs  we  make  in  our 
present  system  of  carbon  chemistry  concerning  this  element.  We 
assume,  firat.  that  the  valence  of  the  carbon  atom  is  always  four; 
second,  that  the  four  valences  or  aHmity  units  of  the  carbon  atom 
are  equivalent;  third,  that  they  are  distributed  in  space  in  three 
dimensions  and  act  in  t«trahcdral  directions;  fourth,  that  the  carbon 
atoms  can  unite  with  one  another  by  means  of  one,  two,  or  three 
atTuiity  unito  lo  form  what  we  usually  call  chainu. 

Tliese  chains  may  be  ojwn,  or  closed  ringx  or  cycles.  The  number  of 
carbon  utouut  thus  bound  to  one  another  may  be  cxceedinKly  large. 
The  closed  chains  usually  contain  three,  four,  live,  six,  or  seven  carbon 
atoms  in  the  ring.  We  may  have  iti  these  chains,  whether  open  or 
closed,  some  of  the  carbon  atoms  repiaeed  by  oxygen,  nitrogen, 
sulphur, orother  elements.  If  now  we  unite  the  extra  valences  of  each 
carbon  or  other  atom  —  t,  e. ,  those  affinity  units  which  are  not  necefr- 
aary  for  binding  the  atoms  together  in  chains  —  with  other  atoms 
or  radicals,  it  Is  at  once  evident  that  we  can  represent  theoretically, 
by  so-called  graphical  formula-,  molecules  of  grent  complexity.  It  is 
also  at  once  obvious  that  with  a  small  number  of  atoms  it  must  be 
possible  to  construct  n  relatively  large  number  of  aggregates  which 
differ  from  one  another  simply  in  the  way  the  atoms  are  bound  to- 
gether. In  18Sf .  for  instance,  fifty-five  totally  different  substances  of 
the  empyrical-formula  CiHiaOi  were  actually  known.  Wc  call  them 
isomers.    One  of  the  chief  problems  of  organic  chemistry  wnce  1S58 
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has  been  to  detemiinc  on  the  basis  of  these  ideas  of  valence  thp  "  oon- 

stituiion"  of  the  carbon  canipounds;    wc  determine  by  mctbtxls 

which  are  called  Bynthclic,  aa  well  as  by  an  exlmustive  stndy  of  the 

reactions  of  a  given  compound,  what  may  be  called  the  "architec- 

lore"  of  its  molecule,  i.  c,  wc  determine  how  the  various  atoms  of 

earbon,  mtrogen,  oxygen,  and  hydrogen,  etc.,  of  which  the  substance 

niay  be  composed  are  joined  together  by  virtue  of  their  affinity  unit*. 

How  much  has  been  accnniplLihed  on  the  basis  of  these  ideas  during 

the  paat  forty-six  yeans,  and  how  beautifully  and  simply  all  the  facta 

known  with  regard  to  the  uliiuist  countlvi*  carbon  compounds  are 

tlius  explained,  only  those  can  fully  appreciate  who  have  a  detailed 

knowledge  of  the  subject.     Notwithstanding  the  large  number  of 

workers  in  the  field,  it  has  often  w^quired  more  than  a  dei-ade  of 

work  to  determine  the  molecular  architecture  of  one  single  carbon 

compound,  and  the  question  at  times  seriously  presents  itself  whether 

wc  must  not  reach  our  limitations  in  this  re«pcct.    In  any  case  one 

point  is  deserving  nf  especial  emphasis:  this  idea  of  structure  which 

has  been  applied  chiefly  to  molccuii;«  containing  the  clement  carbon 

attributes  to  them  a  rigidity  which  is  improbable  from  a  purely 

ciynamic  standpoint. 

The  present  system  of  organic  chemistry  is  thus  founded  upon  the 
swsumption  that  the  valence  of  all  the  atoms  of  carbon,  whi^rcver 
found,  remains  invariably  four.  In  the  earlier  part  of  the  last  century 
many  attempts  were  made  to  isolate  the  hydrocarbon  methylene, 
K2  =H,,  which  must  contain  bivalent  carbon.   Dumas  and  Pcligot  tried 

H 

^o  obtain  this  substance  from  methyl  alcohol,  H,C^  by  toss  of 


\ 


OH 


"water.     Perrot  tried  to  isolate  it  from  methyl  chloride,  H,C 


\ 


a 

Tiy  dis.'sociation  into  methylene  and  hydrogen  chloride  at  high  tem- 
perature. Berthelot,  liutlerow,  Wurtz,  and  Koihe  also  made  many 
fruitless  attcmpta  in  this  direction.  As  a  final  result  of  those  repeated 
and  negative  efTnrl*,  chemists  finally  became  convinced  that  com- 
pounds containing  bivalent  carbon  could  not  be  isolated,  and  the  con- 
clusion, therefore,  that  carbon  was  one  of  the  few  elements  possessing 
a  constfint  valence  bcenme  very  general. 

There  has.  however,  long  existed  one  very  simple  compound  of 
CBiboD  which  doea  not  adjust  itself  to  this  system,  —  namely,  the 
inactive  and  poisonous  rarbon  mnnoxide.  If  wc  as.sumc  the  valence 
of  oxygen  as  two,  thenwc  have  here  simply  a  derivative  of  methylene 
In  which  the  two  hydrogen  atoms  are  substituted  by  oxygen,  C=0. 
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To  be  sure  there  were  many  chemiats  who  preferred  to  coosider  the 
valence  of  carbon  inc&rbon  monoxide  as  four,  thus  mating  the  valence 
of  oxygen  four,  C  =  0 ;  and  when  we  bt-ar  in  mind  that  the  other  mem- 
bers of  the  oxygen  group,  sulphur  eclenium  and  tellurium,  exist  aa 
di-,  tetra-,  and  bcxavalent  atoms,  there  is  some  justification  for  this 
interpretation.  To  itic  personally,  however,  it  seenia  in  the  highest 
degree  im^irohable  that  two  atoms  should  be  thus  bound  to  each  other 
by  four  affinity  units. 

About  fourteen  years  ago  a  series  of  systematic  experiments  was 
undertaken  with  the  objttt  of  ascertuining  whether  carbon  can  exist 
in  a  bivalent  conditiou.  The  experiments  have  established  this  point 
in  a  most  decisive  manner;  we  have  now  qxiite  an  array  of  substances 
whirh  contain  bivalent  carbon,  yurthermore  it  has  been  possible 
to  prove,  from  the  experience  gained  in  their  study,  that  methylene 
chemi»trj'  plan's  an  important  r6Ie  in  many  of  the  simplest  reactions 
of  organic  chemifltrj*,  reactions  which  have  hitherto  been  explained 
on  the  basis  of  subEtitution.  At  the  time  when  these  cxpcriincnta 
were  undertaken  there  existed  besides  carbun  monoxide  several  sub- 
stances which  might  contain  bivalent  carbon  —  namely,  prussic  acid 
and  its  salts  the  cyanides,  HN=C  and  MN=:C.  Also  the  so-called 
carbylamines,  RN  =C,  discovered  in  1806  by  Gautier. 

These  substances  were,  therefore,  exhaustively  studied  in  order  to 
establish  rigidly  by  experiment  whether  bivalent  carbon  was  present 
or  absent.  The  presence  of  dyad  carbon  having  been  established  and 
its  properties  thus  being  known,  the  problem  then  preficnting  itself 
was  the  isolation  of  methylene  and  its  homologues. 

You  are  probably  all  aware  that  Gay  Lussac  e»Lablished  in  1815 
the  existeucc  of  a  radical,  coniiiesed  of  one  atom  of  carbon  and  one 
of  nitrogen,  in  pnissJc  acid  and  the  cyanides.  Tlus  radical,  cyanogen, 
plays  in  its  compounds  a  rflle  similar  to  that  of  the  elements  of  the 
halogen  group. 

In  1832  Pelouse  discovered  the  ftlkyIoyanide8,R—C=N, by  treating 
cyanide  of  potash  with  alkyliodides  or  with  alkylpotoasic  sulphates, 
KCN  +  RI  or  ROSO.OK—R-CsN  +  KT  or  KOSO.OK,  an  appar- 
ent double  decomptjsition  reaction  by  wliich  we  obtain  a  compound 
in  which  the  radical  R(-'Cn  H,o_|.,)  L&  joined  to  the  cyanogen  group 
by  means  of  carbon.  Thealkylcyanides  thus  obtained  are  neutral, 
pleasant-emelUng,  harmless  liquids,  resembling  ether,  chloroform^ 
and  the  alkylhalidcs,  RCl,  RBr,  and  RI. 

In  1806  Gautier  di.'Ji^overed  by  treating  cyanide  of  silver  with  alkyl- 
iodides, RI  +  AgNC— *IIN'=C-1-Agl,  also  an  apparent  double  decom- 
position reaction,  a  new  class  of  organic  compounds;  they  arc  i:<o- 
meric,  not  identical,  with  the  alkylcyanides  of  Pclousc.  He  called 
them  the  carbylamines  or  isuiiitrik-!!,  and  proved  that  the  alky)  group 
is  bound  to  the  cyanogen  radical  by  means  of  nitrogen  1U».'=C  or 
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RN'^C.  ]t  thus  became  evident  that  we  mufit  dUtinguish  between 
two  cyanogen  rsdicala,  viz.,  one  which  in  jle  compounds  is  bound 
to  alkyl.hydrogen.or  metal  by meonfi of  carbon, R—C=N,  H— C=N, 
MCsN,  and  another  which  is  joined  to  these  elemeDts  or  groups  by 
meaiuof  nitrogeD,RN'«C,  HN—C,  MN=C.  We  may  call  the  fonner 
radical  ey&aogea,  — C^N,  and  the  latter  isacyanogeQ, 

_N-Cor  -NsC; 
these  radicals  may  obviously  combine  with  each  other  to  form  three 
isomers  of  the  empyrical  formula  C,N,.  The  substsDcee  discovered 
by  Qautier,  the  atkylisocyanides,  R— N— 0  or  R— N™C,  have 
ppoporties  strikingly  different  from  thoBe  of  their  isomers,  the 
alkylcyanides,  R  — CsN,  of  Pelouse.  They  are  poiiumoiifl,  naueeat- 
ing  compounds  which  affect  the  thruat  like  pniuiic  acid  and  color 
the  blood  intensely  red;  they  producL*  violt*[it  headachca  and  vomit- 
ing. Hiar  odor  is  most  pronounced  and  iK-reistt-nt.  Hofinann,  who, 
in  186S,  discovered  another  method  for  making  them  from  primary 
amines,  ehloroform,  and  caustic  potjish, 

RNH,  +3K0H+CHCI, -»RX=C  +  3KCI  +  3H,0, 
found  it  impossible  to  work  with  them  except  (or  very  short  periods. 

An  ejchauativr  study  of  the  reactions  of  these  alkylisocyanides. 
carried  out  in  1891-92,  li^d  to  the  definite  conclusion  that  they  contain 
a  dyad  carbon  atom,  i.e.,  they  possess  the  constitution  represented 
by  the  formula  RN:  C;  the  other  possible  formula  with  quadrivalent 
carbon  and  quinquivalent  nHrog(>n,  RN  =  C,  is  excludfMl  by  the  facts. 

The  alkylisocyanides  belong  to  the  vast  category  of  unsaturated 
compounds  whose  chemistry  will  be  briefly  discussed  from  &  perfectly 
general  standpoint  below;  thpy  manifest  especially  their  great  chem- 
ical activity  by  absorbing  other  substanccB  forming  new  molecules 
in  which  the  valence  of  carbon  has  changed  from  two  to  four. 
Such  reactions  we  call  additivr.  Two  molecules  simply  unite  to  form 
one  new  molecule  —  the  addition  product.  A  molecule  containing  an 
unsaturated  carbon  atom,  i.e.,  one  with  two  of  its  valences  latent  or 
polariaed,  RN^C  or  RN-=Cl,  cannot  per  »t  show  any  chemical 
activity  whatever.  This  is  also  true  of  a  system  containing  a  pair  of 
doubly  or  triply  bound  carbon  atoms,  ethylene, CH,=CUt, and  acety- 
lene, CH— CH;  and  finally  of  a  saturated  ejTrtcm  which  we  may 
represent  by  a  paraffine,  C„H,„-f-2,  for  instance,  marsh  gas, 

H  H 

\c-^ 

H  H 

All  these  substances  manifest  chemical  activity  simply  because  they 
are  to  a  greater  or  less  degree  in  a  dissociated  or  what  may  be  called 
an  active  condition.  A  given  quantity  of  alkylisocyanide  contains 
an  extremely  small  per  cent  of  molecules  with  two  free  affinity  iinita, 
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RS*-C^    ;   these  &re  in  dynamic  cquilibriuin  witll  the  absolutely 

inert  molecules  RN=C  or  better  RN— O.  That  thi»  percentage 
varies  with  the  nature  and  inaaa  of  R  ia  shown  by  the  fact  that 
various  olkylated  and  arylatcd  isocyanidce  manifest  diilerent  drgroot 
of  chemical  activity.  Carbon  monoxide  posacsBee  relatively  a  smaller 

number  of  auch  active  particles,  0  =C^  ,  and  consequently  Is  a  com- 
paratively inert  substajicr,  aince  the  speed  of  addition  reactions 
shown  by  unHuturutcd  compounds  must  naturally  be  directly  in  pro* 
portion  to  the  per  cent  of  artivc  moleculea  present.  A  similar  concep- 
tion obviously  explains  the  relative  differences  in  reactivity  aho^Ti 
by  the  various  members  of  the  olefine  and  acetylene  series.  Marsh 
gas,  a  saturated  system,  reacts  with  other  substances  because  it  is  par- 


tially diisaociatcd  as  follows,  CH, 


;CH,-+H-ftnd'^CH,  +  2H-. 

From  this  point  of  view  chemical  action  depends  entirely  upon  dis- 
sociation proceeaes.  The  reactions  often  proceed  with  very  great 
slowncM  because  the  percentage  of  dissociation  is  extremely  low, 
possibly  one  tenth  to  one  thousandth  of  one  per  cent,  or  even  less. 

Turning  now  to  a  consideration  of  tho  reactions  of  alkylisocyan- 
idesi  the  substances  which  are  absorbed  by  the  unsaturated  carbon 
atom  present  in  the  isonitriles  are  the  following. 

(1)  Waiojifna  [(chlorine,  bromine,  iodine);  speed  of  reaction  in  the 
order  named]. 

X  X 


RN 


-C^  +x 


X-»RN  =0(^11  -»RN-C'^ 


I 


\  "7  7    ""■  '\"    \ 

II  X  X 

The  reactions,  esperially  those  with  chlorine  and  bromine,  take  place 
with  great  evolution  of  heat  at  —20°. 

(2)      Aciddilorida.   such  as   R0()-C1,  Cl-OCH.,  Cl-CO-Cl, 
Q-CN,  Cl-COyR,  to  form  the  addition  products: 


a 


RN=C 


\ 


CI 

I 


CI 


RN=C-CO-C:NR,etc. 


OOR, 


I 


A  hyphen  denotes  the  point  where  the  compounds  are  partially  dis- 
sociated and  consequently  absorbed.  These  reactions,  especially  those 
with  phosgene  and  ethylfaypoehlorite,  take  place  with  great  ^*iole^ce 
at  -20*. 

(3)  Oxygen  and  sulphur,  to  form  iaocyanates  and  mustard  oils, 
RN=C='0  and  RN^C^S.  Methylisocynnide  unites  directly  at 
its  boiling-point,  58",  with  the  oxygen  of  the  air.    The  dry  oxides 
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of  silver  aod  mercury  are  reduced  to  metals  with  violence  at  40*, 
alkytisocysnates  being  first  formed.  This  shows  the  great  afHnity  of 
bivalent  cflrbon  for  oxygen. 

(4)    Primary  amine*  and  hydroxylamine, 

RN-C^+H-NHR 

H 


or 


H-NHOH-»RN=C 


\ 


NHR 


RN=C 


\ 


NHOH 
giving  amidince  or  oxyonitdincs. 

<£)     AJeohcls  in  tho  presence  of  an  alkali  arc  absorbed,  giving 


inaido  ethers,  RN=C^ 

OR. 
C6)     Hydrogen  sulphide  and  mercaptans  ^vc  readily  at  100°  thfl 


widition  product*  RNH-C=S  and  RN-C^ 

SR, 

<7)   Adds.   Aqueous  minCTal  acids  act  with  great  violence  on  th« 
laoniLriles  giving  primary  aminos  and  formic  acid: 

H 


RN-C^+2H30-tRNH,+        ^C:0. 


\ 


HO 


/ 


In  the  absence  of  water  and  on  diluting  the  alkyhsocyanidea  with 
iieolutc  ether,  perfectly  dry  halogen  hydride  cauMS  the  separation 
of  white  hygroacopio  salt-Ulce  subBtanoes  of  the  empj-rieal  fonnula 
2RNC,  SHXpC^a  Br  or  J],  For  this  reason  Gautier  as  well  as 
Rofmann  suppased  the  isonitiiles  to  be  basic  compounds,  t.  e.,  sub- 
stances behaving  tike  ammonia  — hence  the  name  carbylamine  wait 
pven  them  by  Gauticr.  Further  study  has  shown,  however,  that 
this  conclueion  was  erroneous.  The  isonltrilrs  arc  entirely  devoid  of 
basic  proportica;  the  great  violence  with  which  they  act  with  halogen 
hydrides  is  due  to  the  presence  of  unsaturated  carbon.  The  reaction 
pvoliably  takes  place  as  follows: 
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RN-C^'+H-X-.EN-C^ 


CI) 


RN=C:^+X-CH=NR-»RN:C-CH=NR  ® 

I  II 

RN=C-CH=NR+2H-X-.RNH-C-CHX-NHR    (3) 

Reversibility  of  the  reactions.    The  most  striking  property  of  the 

X 

addition  prodricts  of  the  isonitritcs,  RN  =C  ^      is  their  low  point  of 

Y 

dissociation,  t.  t.,  the  carbon  atom  which  has  absorbed  tbe  X— T, 
thus  becoming  quadrivalent,  ia  unable  to  hold  XY  above  certain  tem- 
perature limits.  Therc  is  consequeutly  in  every  case  a  temperature, 
varying  with  the  nature  and  ma«s  of  X  and  Y  aa  well  as  with  the 
nature  and  mass  of  the  groups  bound  to  the  other  two  affinity  units 
of  carbon,  at  which  the  carbon  atom,  becomes  epontancously  dyad 
and  'v6  unable  to  remain  in  a  quadrivalent  couditiun;  it  waa  subso 
qucntly  possible  to  prove  that  this  is  a  perfectly  general  property  of 
ttiis  atom.    All  the  addition  products  under  discusBion  arc  partially 

X 

dissociated,  the  dissociation  RN=C^     7:£RN':C<-|-XY,  Increasing 

y 

H  the  temperature  ia  raised,  —  in  other  words  the  valence  of  carbon 
at  temperatures  below  the  dissociation-point  is  an  equilibrium  phe- 
nomenon; dynamic  equilibrium  exists  between  bivalent  and  quadri- 
valent carbon. 

The  point  of  complete  dissociation  of  the  various  addition  products 
of  the  iaonitriloB  has  not  been  accurately  determined  in  every  case. 
The  following  data  with  reference  to  the  diasociation-points  of  carbon 
monoxide  addition  products  are  of  interest  and  therefore  iiscd  for 
illustration  in  this  connection: 

600*' 


Formaldehyde,  O:  C=H, 
H 


Formamidc,  0=C 


\ 


about  2S0** 


NH, 
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Formic  acid,  O— C 


\ 


160" 


OH 


Formhydroxamic  acid,  O— C 


\ 


86" 


NHOH 


Formylchloride,  0=C 


\ 


below— 20" 


a 


Since  these  substances  containing  quadrivalent  carbon  decom- 
pOGe  spontaneously  into  carbon  monoxide,  t.  e.,  cannot  exint  in  the 
quadrivalent  ronditinn  at  temperaturen  aliove  thoKe  indicated,  it  is 
self-evident  tliat  at  lower  tcmperaturea  the  addition  produets  louot 
be  partially  dissociated  and  tliat  in  the  future  wo  must  be  able  to 
detemune  in  each  cast;  with  absolute  accuracy  the  per  cent  of  dis- 
sociation at  any  temperature.  A  striking  experimont  with  formhy- 
droxamio  acid,  dissociatioD-point  85*,  proves  the  correctness  of  this 
conclusion;  on  allowing  this  crj'stalUne  $ubstannf>  to  stand  at  20**  in 
acetone  oolution  the  following  reaction  takes  place  quantitatively: 


HONH 


^C=0«=tH-NHOH+^C-0+0-C(CH.).-»CCH,).C 


NOH  +  H-OH+  ^C:  0-.(CH,),:C=NOH+      ^C:  0. 


Id  a  similar  manner  we  can  prove  that  the  isouitrile  addition  pro- 
<litct«,  many  of  which  have  definite  boiling-points  and  are  quite  stable, 
are  partially  dissociated  at  ordinary  temperatures.   Thua  the  addition 

X 

products  with  halogen  RN^'C^      are  all  converted  back  quantita- 


tively into  the  alkylisocyanides  by  treatment  with  finelj'  divided 
metals,  ilnc-diist  or  sodium,  which  simply  abstract  the  free  halogen. 
Many  of  the  acylhalide  addition  products  dissociate  spontaneoiiBly 
into  the  components  on  distillation;  these  phenomena  are  perfectly 
analc^ous  to  the  dissociation  of  dry  ammonium  chloride: 
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H.N 


;NH,+HCI. 


k 


a 


For  this  reason  the  majority  of  the  addition  products  of  the  isoni- 
trilcs  cau  be  kept  only  for  a  abort  time;  this  property  rendered 
futile  many  attempts  to  isolate  definite  addition  products.  The 
continual  dissociation  of  such  products  sets  free  active  or  disso- 
ciated alkylisocyanide  particleSj  and  these  lilowty  condense  with  one 

another,  xIlN=C,   — '(RN— C)i,  giving  rise  to  the  so-called  al- 

kylisocyanide  resins  (non-reversible), — products  whoso  molecular 
weight  has  not  yet  been  determined  and  which  arc  perfectly  analogous 
to  osulmic  or  polymerized  prussio  acid.  Consequently  in  carrying 
out  an  addition  reaction  with  an  isonitrile,  especially  if  it  requires 
much  time  or  a  temperature  above  20*,  large  quantities  of  these  resin- 
ous polymers  arc  formed  from  which  it  is  possible  to  isolate  the  addi- 
tion product  only  with  great  difiiculty. 

Many  of  the  isonitriles  themselves  even  when  perfectly  pure  undergo 
rapid  polymerization  to  resins  so  that  they  can  bo  kept  only  for  a  very 
short  time,  i'hcnylisocynnide,  C,H,N—Cj,  is  the  most  striking  in- 
stance, as  it  changes  in  a  few  minutes  from  a  colorless  to  a  dark  blue 
liquid.and  in  a  few  days  condenses  to  a  dark  brown  resin.  Have  we  not 
here  a  poaaible  explanation  of  the  fact  that  it  is  impossible  to  isolate 
methylene  and  a  large  number  of  its  derivatives,  although  marsh  gas, 

H  H  H 

methyl  alcohol,  and  chloride  of  methyl,  H.C^'     H,C^        H,C^ 

H  OH  CI, 

all  contain  a  relatively  small  per  cent  of  active  methylene  particlets 
at  ordinary  temperalurea? 

The  presence  of  bivalent  carbon  in  the  alkylisocyanides  having 
been  established,  the  next  question  presenting  itself  was  whether 
prusaic  acid  and  its  salts  contain  the  cyanag(>n  or  the  isooyanogcn 
radical.  In  the  latter  case,  H  — N=C,  M  — N=C,  these  substanoes 
must  be  analogous  to  Gautier's  isonitriles.  It  had  hitherto  been  con- 
sidered as  catablislied,  but  without  sufficient  evidence,  that  prusaic 
acid  and  the  cyanide:!  were  cyanogen  compounds  analogous  t«>  the 
tutriteeof  Fclousc. 

When  one  considers  the  physical  and  physiolofpcal  properties  of 
pruaeio  acid  {boiling-point  25',  specific  gravity  0.7,  a  violent  poison] 
and  contrasts  these  with  the  corresponding  properties  of  racthyU 
oyanide  Ptoiling-point  81*,Hpet'ific  gravity  0,81,  sweet-smelling  hsrm- 
lesB  oil]  ond  of  methylisocyaiiide  [boiiing-poi:it  58°,  specific  gra\-ity 
0.75,  a  poison],  one  at  once  comes  to  the  conclusion  that  prussic  acid 
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as  well  as  its  salts  must  belong  to  the  bocyaoogen  compounds  and 
coiuoquenlly  must  contain  liivalmt  carbon.  An  exhaustive  study 
of  pruttic  acid  and  the  cyanidw  establishes  this  sharply,  especially  in 
the  case  of  the  salts,  from  a  chemical  standpoint.  The  relation  of 
fulminic  acid  to  pnissic  arid  rorrohnrates  the  evidence. 

You  are  all  familiar  with  fulminate  of  mercurj-  —  a  substance  which 
is  mode  on  a  commercial  scale  and  used  for  explosives.  It  was  dis- 
covered in  1800  by  Howard,  and  analyxcd  in  1824  by  Liebig  in  Gay 
Lussoo's  lAbonitory.  We  obtain  it  by  dissolving  mercury  in  concen- 
trated nitric  acid  and  adding  the  resulting  solution  to  ordinary 
alcohol.  It  has  the  cmpyriral  formula  MgC  ,N',0,.  and  being  obtained 
from  ethylaleohol,  Cii.CH,— OH,  fulminic  acid  was  supposed  to 
have  two  carbon  atoms  in  its  molecule,  n,CN,0).  The  constitution 
of  this  substanre  was  for  a  long  time  a  great  puzzle  to  chemiels.  That 
we  have  here  a  substance  very  closely  related  to  prussic  acid  was  dis- 
covered by  accident  In  working  with  the  mercury  salt  of  isonitro- 
methane  it  was  found  that  tliis  compound  in  spontaneously  converted 
nt  Of  into  fulminato  of  mercury  according  to  the  equation. 


H,C-KOhg- 


\ 


C  =  NOhg->H,0+C:  NOhg. 


HO 


This  synthesis  led  directly  to  the  conclusion  tbab  fuliuhiate  of 
jnercuiy  possesses  a  constitution  entirely  analogous  to  cyanide  of 
tnercury ,  C  ■=  Nhg,  i.  e.,  that  it  contains  the  isocyanogen  radical  with 
biraleat  carbon.  A  further  study  of  the  fulminates  established  this 
point  with  preciuoa.  Especially  stiiluag  is  the  behavior  of  fulminates 
towards  dilute  acids.  Liebig  and  Gay  Lussae  state  in  1824,  judging 
from  the  odor,  that  fulminate  of  silver  gives  prussic  acid  with  dilute 
hydrochloric  acid.  A  more  careful  study  of  this  reaction  in  1S94 
pn)Yod  that  not  a  trace  of  prussic  acid  but  a  substance  formylcldoride 


H 


\ 


uxirae,      ^C  =  NOn,  is  formed  which  possesses  the  following  re- 


/ 


a 


niarkable  properties.  Long  needles,  clear  as  glass,  which  decompose 
land  explode  at  20*;  extremely  volatile  even  at  0°  and  having  an  odor 
similar  to  prussic  acid  wliich  is  obviously  due  to  a  partial  dU-tociation 
into  fulminic  acid.  Aqueous  silver  nitrate  converts  it  quantitatively 
into  chloride  and  fulminate  uf  sUver, 


H 


\r.= 


/ 


C = NOH + 2Ag.NO,-»AgON  =  C  +  AgCi  +  2UN0„ 


a 


200 


CHEMISTRY 


Up  to  1897  the  presence  of  bivalent  carboa  had  been  efltablishi 
in  the  following  compounds,  (1)  carbon  monoxide,  0  =  C!  (2)  the 
alkyl  and  aryli9ocyanide8,RN'  =  C;  (3)  pruasio  acid  and  the  cyanides, 
HN  =  C,  MN=-C;  (4)  fulminic  acid  and  the  fulminates,  HO  -  N  =  C, 
MO— N='C.  (2),  (3)  and  (4)  are  all  compounds  containing  the  iso- 
cyanogen  radical. 

In  1897  the  presence  of  bivalent  carbon  was  eatabliBhed  in  a  ecriea 
of  nitrogen  free  carbon  compounds  obtained  from  acetylene.   They 


H 


are  thcmoao-and  dihalogen  substituted  acetylidenes, 


\ 


\ 


C=C  and! 

,...3 


C  —  C  pC  =  Cl  Br  or  I).  The  corresponding  members  of  th«  acetyl- 


X 

ene  series,  XC=CH  and  XCsCX,  do  not  exist,  although  we  ha\'e ' 
substances  like  CH,CsCI,  C,HiC^C-X,  whose  properties  are  io  | 
marked  contrast  to  those  of  the  acetylidene  derivatives.  I 

Diiodacetylidene,  which  possesses  an  odor  deceptjvely  like  that  of  { 
the  iiionitriles,  dissociates  at  100^  with  violence  into  iodine  and  di&* 
tomic  carbon,  I,  =  C  =  C—>1,  +  C  =  C;  the  latter  cannot  be  isolated  aa< 
Kuch,  but  polymerizes  explosively  to  graphite  and  amorphous  carbon. 
The  mono-  and  dihaEogen  substituted  acetylidenes  arc  all  poisonous  | 
and  spontaneously  combustible  compounds,  posscssinR.  therefore,  like , 
mcthyliBocyanido  a  marked  afhnity  for  oxygen    Up  to  the  present  [ 
time  it  has  not.  been  possible  to  isolate  compounds  containing] 
bivalent  carbon  other  than  those  mentioned  above.    We  are,  how-i 
ever,  now  in  a  position  to  explain  clearly  why  we  cannot  hope  by ; 
methods  now  known  to  isolate  methylene  and  its  homologues  asi 
such,  although  these  substances  play  a  great  r6lc  in  many  of  the 
fundamental  reactions  of  organic  chcmistrj",    Jn  order  to  approach  \ 
thia  point  more  intelligently,  let  us  consider  briefly  the  properties  of ' 
unsaturated  compounds  in  general,  their  possibility  of  exioteace,  etc.i 


n.  On  the  Unsaturated  Compounds 

The  unsaturated  compounds  may,  first  of  all,  be  divided  into  three  i 
oat^ories,  namely;  (I)  tho!%  in  which  two  atoms,  which  may  be  tha| 
same  or  difTerent.  are  bound  dnubly  or  triply  to  each  other  by  twoi 
or  three  affinity  units,  Mich  as  olefines,  acetylenes,  chlorine,  Cl^Q,, 

R 

oxygen,  O=0,  aldelhydes,  ^  C - 


'0,  alkylcyanidea,  RC^N, 


i 
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II  ^ 

ftcid,HON=0,8ulphiirtrioxide,0  =  8^     etc.;  (2),  those  in  which 

O, 

an  atom  itself  is  UDsaturatcd,  i.  c.,doeenotexert  its  maximum  valence 
capacity,  as,  for  instance,  amineB,  R,N,  thioethers,  R^  — Sj,  motbylenc 
derivatives,  etc.  We  must  ftssunie  that  the  remiumng  affinity  units  are 
latent,  or,  what  is  far  more  probable,  e«pectally  where  two  or  four 
affinity  units  axe  available,  that  they  mutually  polariie  each  other  in 
a  manner  entirely  similar  to  unaaturated  compounds  coDtaioing 
doubly  or  triply  linked  atoms. 

Finally  we  ha%-e  a  third  class  of  unsaturated  compounds,  (3)  those 
containing  closed  atomic  chains  auch  as  trimetbylenej 
CH»  O 

/     \  /     \ 

CH,      —      CHj.propyleneoxide,  CHiCH      -      CHi  etc.,  which  show 

apparently  a  saturated  molecular  system  like  the  paraffines,  and  yet 
react  in  a  manner  perfectly  analogous  to  olefines  and  methylene  de- 
rivstives.  Fundamentally  considered,  these  three  classes  of  unsatur- 
ated compounds  manifest  their  (.'hemical  aelivity  in  the  same  way; 
they  absorb  a  great  variety  of  other  molecules  and  thus  form  com- 
binations, called  addition  products.  How  does  this  union  take  place? 
An  unsaturated  compound  with  its  aSlnities  polarized  represents  in 
reality  a  saturated  system;  it  cannot  per  se  show  chemical  activity. 
This  is  also  true  of  molecular  syutema  in  which  the  atoms  are  bound 
to  one  another  by  single  alHnity  units.  The  sole  basis  for  reactivity 
in  either  case  is  the  preseuce  of  a  relatively  greater  or  smaller  number 
of  dissociated  particles.  The  reactivity  of  any  unsaturated,  as  well  as 
of  a  saturated  compound,  must  in  fact  be  directly  proportional  to  the 
ratio  of  such  active  particles  present.  If  that  ratio  is  very*  small,  the 
substance  may  be  entirely  inert ;  if  it  is  greater,  absorption  of  reagents 
proceeds  with  regularly  Increasing  speed. 

Experience  has  shown,  furthermore,  that  many  unsaturated 
compounds  cannot  be  isolated,  but  polymcriiHi  spontaneously.  It  is 
clear  that  when  the  per  cent  of  active  particles  present  in  an  unsatur- 
ated compound  becomes  relatively  great,  the  possibility  of  their 
uniting  with  each  other  to  form  condensed  molecules  increases  — 
in  fact,  we  may  imagine  a  condition  in  which  the  active  molecules 
simply  cannot  he  prevented  fr<»m  combining  with  earh  other.  This 
shows  us  why  we  cannot  isoUtc  and  keep  substances  like  formalde- 
hyde, HiC=0,  or  alky  ley  anates,  R— 0-C=N,  in  the  mononwK 
lecular  form.  Similarly  in  many  coses  where  attempts  were  made 
to  isolate  methylene  derivatives  like  mono-  and  diphenyl  methyl- 
ene, benioyl   and    acetyl  methylene,  cyanmethylen&-carboxylate. 


Ooe  further  poiot  with  reference  to  uusatur»t«d  compuunds  must 
now  be  presented. 

Intramokctdar  R&trrangementi  shown  hy  UnmturaUd  Systems 

From  the  disciission  presentpd  above  it  is  obvious  that  trimelhyl- 
ene  aud  prupyleneoxide,  belonging  to  class  3,  must  contain  a  small 
percentage  of  active  particles;  the  dissociation  of  the  triaiomic  ring 
in  the  fonner  case  tan  lead  to  only  one  form, of  active  molecule,  namely, 
— CH,— CH,-CH,  — ;  whereas  propylcncoxide  may  give  the  follow- 
ing three  active  molecules: 
O- 


CH,-CH-CH,- 


I 


CH,  CH-CH,-0 


and  CH,  CH-O-CH,  (C). 

Since  propylcnooxidc  absorbs  dry  ammonia  or  hydrogen  chloride, 
as  was  proved  by  especially  careful  and  exhaustive  experiments,  giv- 
ing addition  products  of  the  general  formula 

CH,  CHOH-CH,  X  [X  =  C]  or  NH,], 

the  only  possible  conchision  that  can  be  reached  ia  that  propylone- 
oxide  contains  relatively  more  active  A  than  active  B  or  C  mole- 
cules; conaeqitently  the  absorption  reaciinns  proceed  by  preference 
in  only  one  of  three  theoretically  possibh^  directions. 

When  trimethylene  or  pmpylrneoxJdc  ia  heated  or  placed  in.  con- 
tact with  various  catnlytlc  agcnta.  the  percent  of  active  particles  must 
naturnlly  increase,  and  when  a  definite  limit  hag  l>een  reached  a  spon- 
taneous transformation  of  trimethylene  into  propylene  and  of  propy- 
leneoxide  into  propylaldt-hyde  (^)  and  acetone  (J)  takes  place;  both 
reactions  are  non-rcversible.  These  results  can  only  be  explained  in 
the  following  manner:    aside  from  the  increase  in  active  particles 
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ition  io  other  parts  of  the  molecule  and  especially  of  hydrogen 
from  carbon  miut  also  take  place.  Consequently  the  following  intra- 
molecular addition  reactions  finally  occur  spontaneously: 
H 

III  II 

CH,-CH-CH,-»CH,-CH-CH,i=tCH,CH-CH,. 

active  trimcthylcDo  propylene 

purticlDs 


O- 

I 
CH,-C-CH,- 

I 
H 

sctive  propylencoxide 

particles  [A] 

H 

CB,-CH-CH-0- 

"Ctjve  propyleneoxide 
paJiiclostS] 


O- 

I 
•  CH,-C-CH, 


►CH,-C-CH,[J]. 


acetone 

I 
-  CH.CH,  -  CH  -  O  -  i=i  CH.CH, -CH:  0  [f  ]. 

propionatdehyde. 


It  is  interesting  to  note  that  the  active  B  propyleneoxide  molecules 
'^nich  are  present  in  smaller  ratio  suffer  rearrangement  more  readily 
*ian  the  active  A  molecules.  The  active  C  molecules,  on  the  other 
■^^nd,  must  be  present  in  far  smallpr  amount  andcprtainly  no  transfor- 
**«Mion  of  propyleneoxide  to  ^-inylmcthyl oxide,  CH»=-CH~0-CH,, 
'^kea  ptaoc.  It  ia  important  to  rcaliiic  that  propyleneoxide,  acetone 
Lrad  propionaldchydo  aro  isomers  but  do  not  stand  in  a  tautomeric 
relation  to  one  another.  This  is  also  true  of  trioicthylcne  and  propy- 
lerw*  as  well  as  of  a  and  j9  amylene  and  isoamylene,  etc. 

^milarly  it  can  be  rigidly  shown  by  experiment  that  a  and  ^ 

prK>pj-Udene,  CH,CH,-CH->  and  (CH:,),=C(^,  which  are  sponta- 

i^oously  combustible  substances  not  capable  of  isolatioD  as  such, 
transfonn  themselves  by  intramolecular  addition^ 
U 

I  /  I         I 

CH,-CH-CH;  -^.CH,CH-CH,f±CH,CH-CH„ 

1  ^11 

*nd     CH,    C-CH,-H— CH.CH-CH,;=iCH.-CH=CH„ 

tTito  propylene  [non-reversible]. 

There  is  not  the  slightest  doubt  that  such  intramolecular  addition 

•^nptions  are  the  basis  of  the  majority  of  our  synthetic  methods  for 

''laking  cyclic  compounds.  The  cycloparaflines  in  Russian  {wtroleum 

^r«  probably  formed  from  ordinary  parafimes  by  dissociation  into 
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hydrogcD  and  mctbylcnc  dctivativoe,  and  the  Utter  then  spoota- 
neously  tninsforni  themselves,  by  irtTamolecular  addition,  into  penta- 
aud  hcxa methylene  rings. 

On  the  Reaciiora  of  the  Paraffines  and  the  Benzene  Derivativet 

The  roactioiiB  of  tlio  parafiines  and  the  hvnzen^  derivatives  towaxdii 
halogens,  nitric  and  sulphuric  acids,  wherfhy  aubslimtion  products 
are  formed,  are  still  interpreted  in  the  icxt^books  from  (he  slandpoint 
of  metalep^  or  subfitituUon,  although  a  vast  amount  of  evidence 
has  accumulated  which  inake-s  this  axion^atic  assumption  Improbable. 
The  fact  that  ethane  and  benzene,  for  instance,  decompose  into  hy- 
drogen and  into  ethylene  and  diphenyl  at  800*  and  SOO*  respectively 
proves  that  an  extremely  small  per  cent  of  these  molecules  must 
exist  at  ordinary  temperatures  in  an  active  or  dituociatcd  condition, 

CH.CH,fiCH.CH,-+H- 
and  CH,CH-+2H-;orC,H.i=iC,H.-+H-. 

Thesame  ia  true  of  ammonia,  H,N^H,N—+H—  and  HN  =  +2H  — 
and  N  s  +  3H,  and  of  a  great  variety  of  other  non-ionizable  hydrogen 
compounds. 

Consequently  when  fthlorinc  or  nitric  acid  acts  with  benxene  or 
ethane  to  give  the  monochlor  or  mononitro  substitution  products, 
we  have  these  reagents,  in  the  ocfa'Demofcruiar  condition, simply  uniting 
by  addition  with  the  dissociated  ethane  or  benzene  particles, 

H  C.H, 

'II  II 

Cl-a  +  H-C.H.wCl^Cl 

0  o 


4 


or 


HO-N-0-(-H-C^.-*HON-OH. 

I     f  ! 

C3. 


The  resulting  addition  products  then  lose  hydrogen  chloride  and  water 
respectively  and  thus  give  the  monochlor  or  nitro  substitution  pro- 
duct of  the  mother  substance.  From  this  point  of  view  nil  «>-caIled 
substitution  reactions  belong  to  the  categoiy  of  addition  reactions. 
What  is  now  especially  needed  in  order  to  place  the  reactions  of  organic 
chemistry  on  an  exact  mathematical  basis  is  a  precise  method  of 
determining  the  ratio  of  active  particles  present  at  various  tempera- 
tures in  the  case  of  the  unsaturated  as  well  as  of  saturated  compounds. 
As  the  substances  under  discussion  are  almost  exclusively  non-electro- 
lytes, the  sole  methods  that  suggest  themselves  for  this  purpoge  are 
det«nuinations  of  the  speed  of  deoompoution  as  well  as  of  addition 
reactions. 
The  above  discussion  makes  it  evident  that  all  unsaturated  com- 
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pouDds  belonging  to  classes  1  and  3  cuntAin  a  small  and  relatively 
varying  per  cent  of  active  particles  with  one  or  more  carlHin  otonu 
temporarily  in  an  active  or  trivaUnt  condition;  the  same  ia  true 
of  compounds  containing  hydrogen  bound  to  carbon-pomfKnes, 
C„H^,,  — H,  benzene  derivativps,  etc.  The  isolation  of  compnimda 
containing  trivalent  carbon  aa  svich,  I  believe,  however,  to  be  an  impoB- 
sibility.  Gomberg'a  triphcnylmethyl,  for  instance,  has  recently  been 
proved  by  him  and  others  to  be  a  biinolcculur  af^^cgate  CmH)*,  — 
identical  with  hexaphenylcthanc  —  which,  however,  like  the  above- 
mentioned  compounds,  cont-aina  a  very  small  percentage  of  active 
Iriphcnylracthyl,  (C,H,),  =  C  — ,  particles  in  dynamic  equilibrium 
with  the  bimoteeular  aggregate. 

We  are  now  in  a  position  to  consider  the  evidence  showing  that 
methylene  and  its  homologiies  play  a  great  rflle  in  many  of  the 
f\indamental  reactions  of  organic  chemistry  which  have  hitherto 
been  explained  on  the  baais  of  substitution. 

III.  On  the  Rfoctions  of  the  Af onatomu;  AlcokoiM  and  the  Alk^flhaioids 

The  ejcperiments  which  first  suggest  themselvei;  &s  a  means  of 
isolating  methylene  and  ita  homologues  are,  (IJ  dissociation  of  ole- 
tines  as  ethylene: 

CH,-CH,?a2H,C-,;9  butylene, 

CH.CH:  CHCH,^2CH,CH^,  etc. 

Since  ethylene  gives  hydrogen  and  acetylene  by  heat  and  the  higher 
olefinca  also  dccompoee  with  c^'olution  of  hydrogen,  there  was  little 
prospect  of  success  by  experiments  in  this  direction.  (2)  Dehydration 
of  the  monatomic  alcohols,  C„H,^^i01i,  or  removal  of  halogen 
hydride  from  the  alkylhalidcs,  C„H,n^,X;  naturally  only  primary  and 


econdaiy  derivatives,  RCH,X  and 


R' 


\ 


CHX[X=OHCIBrorI], 


and  not  tertian,'  compounds,  R,  =  C— X,  can  yield  methylene  and 
its  homologues.  furthermore  since  many  of  the  alcohols  and  alkyl- 
halides  containing  more  than  one  carbon  atom  in  the  molecule  are 
known  to  give  olefinca  by  dissociation,  dehydration,  or  treatment 
with  alcoholic  potaah  respectively,  the  conclusion  might  naturally 
at  fint  be  diaMra  that  only  a  dinct  olc&ne  dissociation  existed  in 
ie»e  cases.  From  a  purely  theoretical  standpoint,  however,  it  is 
^deftr  that  a  primary  or  secondary  alkylhalido  or  a  corresponding 
alcohol  with  more  than  one  carbon  atom  in  the  molecule  may  disso- 
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ciate  with  loss  of  halogen  hydride  or  water  in  two  poasihle  ways: 
it  may  undergo  (1)  methylene  dissociation,  as 

X 

R-CH,-CH^    »=tR-CH,CH=+HX, 

H 

R  H       R 

and  ^C:^    ^      ^C=+HX; 

R'  X     R' 

or  (2)  define  dissociation,  as  R-CH,-CH,X^R-CH-CH,+HX, 


and  CHjCH,-CHX-CH,r±CH,CH-CH-CH, 

and  CH,CH,-CH-CH,+HX; 

I  1 
or  both  kinds  of  dissociation  may  take  place  simultaneously.  A 
third  kind  of  dissociation,  where  the  hydrogen  atom  does  not  come 
from  the  atom  containing  the  X  or  from  a  carbon  atom  adjacent  to  it, 
is  also  possible,  and  at  times  important,  but  it  need  not  be  considered 
in  this  connection. 

An  exhaustive  study  of  the  primary  and  secondary  alcohols  and 
alkylhalides  covering  a  period  of  nine  years  has  proved  very  con- 
clusively that  these  substances  undergo  methylene  dissociation 
only.    Preliminary  experiments  with  alcohols  and  alkylhalides  where 

H 

no  define  dissocifrtion  is  possible,  t.  e.,  in  the  methane,  H,C^ 

X 

H  H 

toluene,  C,H,CH         ,  diphenylmethane  (C,H,), :    C^     ,    acetone 

X  X 

H  H 

and  acctophenone,  CH.CO-CH;;^      and  CH.COCH^    ,    malonic 

X  X 

X  CN  H 

and  cyanacetic  ether  series  (COOR),C         and  /  '^  \     '  ^*^'® 

H         COOR  X 

proved  that  all  these  compounds  have  very  low  dissociation-points 
—  never  over  300°  in  the  aromatic  nor  with  few  exceptions  in  the 
aliphatic  series.    Nevertheless,  it  was  found  impossible  to  isolate  in 
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flU^^Bse  tlie  methylene  derivative  us  such;  there  was  either  a  ^xin- 
lancoui  patsmfKoa  to  a  di-  or  trimolecular  poljiiier,  an  olcfiiit-  or  a 
Irimi'thytnie  derivative,  or  a  conversion  to  resinous  poiymcre  oiia- 
lo^iu  to  azuhnic  acid  and  the  alkylisocyaiude  resios.  Most  import^ 
ant  was  the  discovery  that  these  nascc-nt  or  active  methylene  residues, 

Z 


/ 


C,  arc  Blwa}-fl  spontaneoiuly  combustible,  burning  often  with 


Quurelous  evolution  of  heat  to  the  oorrctiponding  oxides,     ^0=0  ; 


thia  was  not  surprising  in  view  of  the  properties  of  the  methylene 
deri%'ative8  described  above.  Furthermore,  the  affinity  of  unsaturated 
c&rbon  for  oxygen  is  strikingly  shown  by  the  fact  tliat  these  residues 
ha.ve  the  power  of  decomposing  water, 
Z  Z 

^C+0=H.-.    ^C:0+2H-, 

Y  V 

with  evolution  of  hydrogen. 

^  suh-sequent  investigation  of  the  pririmry  and  secondary  alcohols 
And  ulkylhalides  containing  more  than  one  carbon  atom  proved, 
&rat  of  all,  that  all  these  siibatoiicin  have  comparatively  tow  points 
of  dissociation.  In  no  case  was  the  decomposition-point  found  to  be 
higher  than  700°;  it  was  often  as  low  as  160°  to  300°,  The  products 
of  dissociation  are  water  or  halogen  hydride  and  C„H,„  respectively ; 
^Qd  the  latter,  as  emphasized  above,  is  invariably  methylene  or  a 
^omologiie  and  never  an  olefine.  This  naturally  means  that  all  these 
compounds  are  partially  diasociatcd  in  thia  way  at  ordinary  tempera- 
B  H     R' 


tujw, 


/ 


C+HX,  —  relatively  more  the  lower  the 


R' 


X     R' 


Actual  deeomposition-point.    It  is,  therefore,  possible  that  in  all  the 

"OterMtions  of  the  primary  and  secondary  alkyUiahdea  with  other 

Substances,  such  as  salts,  ammonia,  metals,  benzene,  etc.,  they  do 

'lot  act  as  such ,  but  by  virtue  of  being  partially  dissociated.     An 

^ORnous  amount  of  eNidence  has  acctimulated  in  favor  of  tlm  con- 

cluiioQ.  Let  us  consider  chieBy  the  results  obtained  in  the  ethyl  scries 

including  ethyl  alcohol  and  its  derivatives.    The   dissociation  or 

•wompositton-point  of    the  followtng  compounds  containing  ethyl 

'''8  been  determined  with  a  fair  degree  of  accuracy. 
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Ethane,  CHiCH 


\ 


H 


H 


Ethylalcohol,  CH,CH 


\ 


OH 


OH 


Sodium  and  potassium  ethylate,  CHiCH 


Ethylether,  CH.CH O-  CHCH, 

H 


\ 


H 


Ethylchloride,  CH.CH 


\ 


CI 
H 


Ethylbromide,  CH»CH 


\ 


Br 


H 


Ethyliodide,  CH.CH 


\ 


Z>ecom})on(twfi-Pofii( 
800" 

650" 

250* 

550" 
600" 

500* 

400"CT) 


DiethylBulphate,CH,CH-0-SO,-0    —    CHCH,  200° 

H 


Monoethylsulphate,  CH.CH 


\ 


Ethylpotassium  sulphate,  CH|CH 


OSO.OH 
H 
/ 


\ 


OSO.OK 


H 


Ethylnitrate,  CH/3H 


\ 


mf 


250° 


200"(T) 


ONO, 

Ethane,  ethylchloride  and  bromide,  when  heated  to  the  temperatures 
named,  give  ethylene  and  hydrogen  or  halogen  hydride  respectively, 
and  on  cooling  these  products  do  not  again  recombine.  We  can  there- 
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fore  obtain  cihykco  quant itaUvuly  from  cHIoride  or  bromide  of  ethyl 
by  simply  passing  ilitir  vapore  through  tub«i  healed  to  the  decoinpo- 
ailion-poiut.  Nevertheless,  it  is  iiuposKibk  to  obtaiu  more  thau  very 
sDial]  amounts  of  etliylt'nc  from  ilic  ciliyilmlidra  by  means  of  alcoliolic 
potaah,  caustic  potaah,  or  quicklime;  in  those  cases  ethylelher  or 
eth^Ialcohol  is  the  chief  product  even  when  the  cthylhalidc  is  passed 
over  quicklime  in  tubes  heated  from  300*  to  SOC".  Furthermore, 
the  per  cent  of  ethylene  obtained  varies  remarkably  with  the  tem- 
perature, the  concentration,  and  with  the  nature  of  the  lialogen  in  the 
alkylhalide  used.  Tltc  conclusions  finally  reached  from  tlicse  data 
and  also  from  an  cxhauHtive  study  of  the  behavior  of  thi-  various 
alkylhahdes,  mtrnteis,  sulphates,  alky Ipotassium-sulph ales  tovrards 
heat,  sodium  ethylntc,  caustic  potash,  quicklime,  and  other  salts,  are 
that  ethylene  cannot  possibly  be  a  primary  product  of  clissoniation 
of  the  ethylhalides,  sulphates  and  nitrates  and  of  free  ethylalcohol. 
The  ethylene,  when  obtained,  is  formed  from  ethylidene  by  an  intra- 
molecular addition  reaction, 
H 

CH,-CH^  -»CH,-CH,FiCH,-CH,. 

which  is  not  reversible. 

A  similar  intramolecular  change  always,  in  fact,  takes  place  when- 
ever an  olefine  is  formed,  whether  from  a  primary  or  secondary  alcohol 
or  from  a  corresponding  alkylhalide  milphate  or  nitrat*.  This  trans- 
formation is  perfectly  analngnus  Ui  the  conversion,  discurweil  above,  of 
trimethylene  and  of  propylene  oxide  into  propylene,  propionaldehjde 
and  acetone. 

When  ethylalcohol  or  cthylothcr  is  healed  to  iu  dissociation-point 
the  ethylidene  interacts  at  once  in  great  part  with  the  other  dissocia- 
tion-product, water,  to  give  hydrogen  and  acetaldehyde. 


Cn,CH^-hO=H, 


►CH.CH:0+2H. 


In  the  case  of  ether,  «nce  there  are  two  ethylidene  molecules  to 
one  of  water,  the  atomic  hydrogen  is  in  part  absorbed  by  ethylidene 
tti  give  ethane.  Finally,  a  portion  of  the  ethylidene,  20  and  37  per 
cent  respectively,  is  transformed,  by  intramolecular  addition,  into 
ethylene.  The  moHt  striking  proof  that  ether  is  dissociated  into  water 
and  twoC,H,  particles  is  the  following  :  on  passing  elher  vapor  over 
phosphorous  penloxide  at  temperatures  varying  from  200"  to  400" 
ethylene  is  formed  quantitatively. 

The  primary  and  secundarj'  alcohols  and  their  corresponding  ethers 
being  in  a  state  of  very  slight  dissociation  at  ordinar>'  temperatures, 
we  are  able  to  understand  perfectly  their  behavior  towards  oxidizing 
agenta.  The  alkylidenes  arc  all  spontaneously  combustible  substances 
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poaseating  a  great  aflinlty  for  oxygen.  Absolutely  pure,  dr>'  ethylether, 
disROciation-point  550°,  contains  a,  sufficient  per  cent  of  elhyliilene 
]>Hrticlrs  at  ordinary  tcmpcraHirca  to  bum  very  nlowiy  in  dry  oxygen; 
KCKlium  cthylate,  diesociation-polnt  2S0°,  on  the  other  hand,  being 
disHori&ted  to  a  far  fixeftter  extent,  bums  with  great  violence  in  dry 
ftir.  JLilhylalcohol,  dissociation- point  650",  ie  not  capable  of  burning 
in  the  ftir;  if,  however,  we  increase  the  per  cent  of  ethylidene  parti- 
cIm  by  means  of  entatytic  agents,  enzymes,  platinum  sponge,  etc., 
it,  too,  oxidizes  readily,  with  incandescence  with  platinum  sponge, 
giving  acetic  acid.  The  aldehydes,  RCH=0,ns  has  long  been  known, 
reduce  Fehling's  solution  and  silver  Bolutions  with  great  eaae.    Thin 

R 


I 
I 


is  due  to  the  presence  of  oxyalkylidene  particles, 


^C^    which 


HO 

bum  at  the  expense  of  the  oxygen  of  the  water.  The  discovery  that 
nil  primary  and  secondary  alcoliola  reduce  silvL'r  oxide  to  metAllie 
silver  in  aqueous  solution  in  the  preeetice  of  cauHtic  alkalies  has  only 
very  recently  been  made.  The  function  of  the  alkali  is  obvioualy  to 
form  first  the  metaUic  alcobolate, 

R  H  R  H 


/    \ 

R'  OH 


-l-MOHp* 


+  H,0, 

R'  ^      ^OM 

which,  having  a  far  lower  dissociation-point  than  the  free  alcohol, 

cauaea  a  great  increase  in  the  per  cent  of  alkylidenc  parliclea  present; 

couaequently  the  following  reaction  takes  place, 

R  R 


^C^+2H-0H+Ag,0 


R' 


R' 


/ 


C=(OH),+Ag.+H,0,etc., 


giving  as  the  end  result  a  fatty  acid  in  the  case  of  primary  alcohols. 
The  most  striking  proof  that  ethylalcobol  is  dissociated  only  into 


H 


ethylidene  and  water,  CHjCH 


\ 


?^CH,CH=  +H,0,t,«.,oon 


OH 


mto  M 
Uinam 


no  ethylene  particles,  is  the  following.  Ethylalcohol,  containing  one 
molecule  of  aqueous  sodio  hydrate,  gives  in  the  cold  with  potassium 
permanganate  solution  practically  acetic  acid  only.     If  any  active 

I  1 

ethylene  particles   were    prcaent,  CH,CII,0IIriCn,-CH,+H,O, 

these  must  necessarily,  in  view  of  the  work  of  Wagner  with  olefinG* 

and  permanganate,  be  first  converted  by  o.Yidation  to  cthyleneglycol. 


i 
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I  I 

3CH,  -  CH,  +6H-On  +  2KMn04-»OHOn 

3CH,-CH,  +  2MnO,  +  2KOH  +  2H,0.' 

Analogous  results  would  naturally  be  expwcted  in  tlie  case  of  all 
the  homologous  primary  and  secondary  alcohols.  Now  a  primary 
alcohol  invariably  first  gives  by  oxidation  with  potassium  permangan- 
AtG  or  other  oxidising  agents  the  corresponding  fatty  acid ;  glycols  or 
ihcjr  oxidation  products  have  never  been  observed  in  euch  cases.  The 
fact  that  ethylalcohol  gives  glyoxal,  glyoxylic  and  oxiUic  acids  with 
nitric  acid,  is  do  exception  to  this  rule  because  these  substances  result 
from  the  hydrolysis  and  oxidation  of  isunitrosoacetaldehyde  which 
fe  formed  by  the  action  of  nitrous  acid  on  acetaldebyde  as  follows: 

I      1 
H-CH,CH0+O-N0H-»HO-N-OH-*H0N-.CHCH:O+H,O. 


CH,-CH:0 

The  behavior  of  aldehydes  and  of  primary-  alcohols  towards  nquoous 
or  solid  caustic  potash  also  leads  to  the  conclusion  that  only  nlkylidene 
dissociation  occurs.    Ethylalcohol  gives  at  2S0*,  with  an  excess  of 
caustic  potash,  hydrogen  and  potassium  acetate  quantitatively, 
H 


CH.CH 


\ 


+2K0-H— CH,CH;f +3K0H 


OK 


\ 


CH. 


CH,CH(0K),  +  2H- +KOH 


KO 


^C(^+2H-0K+H. 


CH, 


')C(OK),  +  2H  -  +  H, -♦  CH.Ch  (OK),  +  2H,. 

KO 

If  any  of  the  potassium  elhylate,  wliich  ia  first  fonoed,  were  disso- 
ciated into  ethylene  and  caustic  potash, 

I  I 

CH„CH,OKf±UH,-CH,  +  HOK. 

the  define  must  naturally  give,  besides  hydrogen,  ethylene  glycol. 

I  I 
^CH,.CH,+2IIOK-*K0CH.-CH,0K+H.,  or  its  decomposition  pro- 
ducts; these  are,  however,  not  formed.  The  reaction  with  potash 
lime  and  primary  alcohols  is  bo  delicate  and  accurate  that  it  has 
been  suggested  by  Ilell  as  a  means  of  determining  the  molecular 
weight  of  an  unknown  primarj-  alcohol. 
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As  mentioned  above,  ethylether  is  the  chief  product  when  ethyl- 
lialides  are  treated  with  alcohoUc  potash  or  with  dry  sotiium  ethyl- 
ate;  this  is  also  tni«  when  dry  silver  oxide  and  otliylhalidi-^  are  used. 
These  reactions,  which  have  been  interpreted  by  "WiUianwon  and 
othera  on  the  basis  of  double  decomposition  or  of  minute  ionization, 
muat  obviously  be  attributed  to  the  absorption  by  the  ethylidcne  of 
alcohol  or  of  water  which  is  set  free  by  the  a<:tion  of  the  halogen 
hydride  particles  on  the  sodium  ethylate  or  silver  oxide  respectively, 


CH,CH  ^  +  H  ^  OC,H,-*CHrfm  ^ 


E 


H 

OC,H|, 


or 


2CH,CH^  +0;^ 


,y 


CH,CH'        ^CHCH,. 

^     ^     I 
H  OH 


We  are  now  able  to  consider  an  entirely  new  explanation  of  the 
function  of  sulphnric  acid,  or  of  phonylsulphonic  acid,  in  converting 
cthylakohol  into  ether.  Sulphuric  acid  acts  first  of  all  with  alcohol 
nt  ordinary  temperatures  to  ^vc  both  mono-  and  dicthylsulphat*; 
the  first  stage  in  the  reaction  cannot  be  ascribed  to  the  union  of 
ethylidene,  formed  by  dissociation  of  alcoho!,  with  free  sulphuric 
acid,8inccethylether,  which  ia  relatively  moredissocia ted  than  alcohol, 
acts  only  very  slowly  with  concentrated  sulphuric  acid  at  ordinary 
temperatures  to  give  primary  ethylsulphate.  Furthermore  since 
sulphuric  acid  itself  is  completely  dissociated  into  its  components, 
aulphurtrioxide  and  water,  at  400°  it  is  extremely  probable  that 
moiioethylsulphate  is  formed  by  the  union  of  sutphurtrioxide,  pre- 
sent by  dissociation,  H,SO.f±SO,  +  H,0,  with  alcohol, 


OH 


o,s-o-hh-oc,h,-.o,s 


\ 


I 


OC,H, 

Now  it  is  well  known  that  ether  formation  iti  a  mixture  of  sulphuric 
acid  and  alcohol  begins  perceptibly  only  at  95°  and  proceeds  very 
slowly  at  that  temperature.  The  favorable  temperature  for  ether 
manufacture  is  140°.  This  is  self-evident  in  view  of  the  following 
considerations.  Primarj-  and  secondary  ethylsulphate  possess  the 
dissociation-points  180°  and  200°,  respectively;  consequently  these 
Butratancea  must  be  diasociated  at  140"  to  a  very  great  extent  into 
sulphuric  acid  and  one  or  two  molecules  of  ethylidene  respectively. 
Addition  of  alcohol  at  140°,  therefore,  simply  necessitates  a  com- 
bination with  the  ethylidene  particlcB, 
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I 


I 


CH.CH  ;^  +  H  -  OC,H,  -» CH,CH  (^ 

00^. 

to  give  ether,  and  this  process  can  naturally  go  on  ind«finitely. 

ftlien  ethyl  alcohol  is  mixed  with  an  excess  of  concentrated  buI- 
pburic  acid  and  heated  to  160°  no  ether  but  some  ethylene  is  Formed ; 
to  fact  this  method  is  stilt  augROstedBiid  used  as  the  best  means  of  pre- 
paring ethylcdc.  The  yield  of  oleiine,  however,  can  never  be  raised 
abov«  20  per  c«nt  of  the  theory,  and  the  operation  is  extremely  tedious 
because  carbonisation  and  formation  of  sutpburdioxide  takes  place 
t«  a  verj*  marked  extent.  These  results  are  now  easily  understood. 
The  elhylidene  mcileciijes,  formed  by  dissociation  of  ethylated, sul- 
phuric acid,  burn  chiefly  at  the  expenstr  of  the  oxygen  present  in 

ni]phuric  acid,  CH,CH;^  +0=80,— CH,CH:0+SO,  and  the  result- 
ing ftcetaldehydc  is  then  at  once  charred  by  the  "vitriol  present.  Oniy 
twenty  per  cent  at  the  utmost  of  the  ethylidenc  particles  escape  this 
oxidation  by  intramolecular  conversion  to  ethylene. 

Finally  we  may  summarize  the  conclusions  reached  in  the  above 
discussion  as  follows.  The  valence  of  carbon  is  not  a  constant.  At 
definite  temperatures,  which  vary  remarkably  with  the  nature  of  the 
groups  bound  to  it,  a  carbon  atom  beeomea  spontaneoualy  dyad.  Be- 
low these  limits  there  is  dynamic  equilibrium  betn'cen  bivalent  and 
quadrivalent  carbon.  The  existence  of  carbon  compounds  containing 
Isivalent  carbon  has  been  definitely  eatabliBhed ;  methylene  chemistry 
plan's  a  great  r61e  in  many  of  the  fundamental  ffsctions  of  organic 
chemistry.  The  conception  of  substitution  or  metalepsis,  which  has 
Ijccn  our  giiide  in  interpreting  the  reactions  of  carbou  chemistry  since 
1833  is  no  longer  tenable.  It  must  be  replaced  by  the  conception  of 
dissociation  in  its  broadest  senee.  Fundamentally  speaking,  there 
are  but  two  classes  of  carbon  comiHiunds,  —  the  saturated  and  the 
unsaturated  compounds.  Excluding  reactions  called  Ionic,  a  chemical 
reaction  between  two  substances  always  first  takes  place  by  their 
luiion  to  form  an  addition  product.  The  one  molecule  being  unsatur- 
ated and  partially  in  an  active  molecular  condition  absorbs  the 
second  molecule  because  it  is  partially  split  or  dissociated  into  two 
active  portions.  The  resulting  addition  product  then  often  dissociates 
spontaneously,  giving  two  new  molecules. 

The  similarity  of  such  reactions  to  those  called  ionic  is  at  once  ap- 
parent, but  their  relationship  cannot  in  the  present  state  of  our  know- 
ledge be  clearly  understood. 
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THE    PROGRESS   AND    DEVELOPMENT    OF    CHEMISTRY 
DURING  TEE  NINETEENTH  CENTURY 

BT   FRANK  ^nCOLESWORTH  CL.VRKC 

Ifnak  Wtnleswoith  Clarke.  ClUGf  Chomist,  U.  S.  G««loei4?al  Survey,  b.  Marrh  10, 
1X4",  liiMiNJu.  Unas.  S.B.  Hwvan),  ISO?;  D.Sfl.  Coluinbijui,  1«39;  D.fic.  Victoria 
L'niveraity,  Knglnnd,  iai)3;  CWviilipr  de  1h  Li^on  d'Hooneur,  1900.  Prof««K»r 
iti  llowaitlUnivereity.  1873-74;  Profeasor  otChemirtryand  Phyric*.  Univeraty 
of  Cindimali,  1874-83;  Himorary  OiiniU)!- iif  MiuiTsb,  IT.  ft.  Nntiiniiil  Mliueuin. 
lad  Profwsorof  MiRpnil  ('lirJiiioiry.flHirgrr  Wjialiin§ton  TJnivpraity.  Prllowof 
Ami'iic&a  .^aiocintioii  far  tlic  Advanccineiit  of  Scicjic^i  Oomwpondjng  nMonbcr 
of  Bntiah  Asooctation  fur  tliu  AJvauwiuyut  vf  Sci«ii«j;CorTv»p<mJiiig  mntober 
ti  tbc  £duibursti  GcoIpricuI  Sut'ivty;  tti(;iiibcr  p[  tlir;  Anicricnti  Pliuosophical 
Society,  and  WoMhinj^n  Acndcmv  r.f  S'^i'-noo*;  Honcirary  mMnhfir  nf  Man- 
ehMter  Literary  and  FtiiloeophirA)  Sooictv,  and  Ixindon  Ch«micHl  Socipty; 
Put-Prasideat  of  the  Ameriean  Chcniicnl  Saciety  (1001),  Author  of  n*«flW«. 
Ifcomre*,  and  Xfawy  of  all  NaJ-iarui:  Elrmenlnrrj  ('.httnialry.  luid  wwuiy  Iiiilli'Lliis 
of  th«< G«oloKicAt  Siin'pv.  Abouloneliutidrwl  artideeindcipiitificjoiiniHU,  Wilde 
lecturer  and  medalist,  Mancliester.  England,  Literary  and  Pliil.  Socierty,  19031. 

The  history  of  any  acieuce  is  a  record  of  prograss  from  empiricism 
to  philosophy;   from  isolated  details  la  aystemalip  knowledge.    Al 
(be  outset,  certain  facts  impress  them«e!ves  upon  llie  minds  of  men, 
Klher  because  the  observed  phenomena  are  beiiefii^ial,  or  for  the 
Opposite  reason.  Between  the  facts,  the  simpler  and  more  obvious  re- 
lations of  cause  and  effect  are  first  uoled.but  only  in  tlie  most  super- 
ficial way  and  without  deliberate  intention.   By  degrees,  after  many 
Wanderingsi  along  paths  that  lead  nowhere,  and  in  ^pilcof  coiintiesd 
rnieinterpretuttons,  mankind  slowly  accumulates  a  maiiit  nf  data  in 
^^■hich  something  like  unity  begins  to  appear,  and  through  which  it 
ia  seen  that  the  mii verse  is  not  a  creature  of  caprice,  but  an  existence 
Orgunixcd  and  orderly.  Thia  com^eption  lies  at  the  foundation  of  all 
Science;    it  ie  the  one  article  of  faitli  v^-bich  the  student  dares  not 
«ioubt;    for  rational  investigation  would  be  impossible  without  it. 
T" he  belief  in  order,  and  the  hope  that  we  may  discover  its  laws,  inspire 
^tl  ftcientific  researches. 

Speaking  broadly,  the  development  of  science  takes  place  In  three 
stages,  which  mcrKC  one  into  another  and  often  overlap.    First,  there 
Xs  the  collection  of  data;  claastfication  follows;  and  attempts  at  inter- 
jjretation  come  Inst  of  all.  This  is  the  logical  course,  which,  however, 
is  not  always  followed.   Premature  speculations,  efforts  to  determine 
'what  the  universe  should   be,  are  not  unknown  in  the  history  of 
.liaiuaii  thought,  nor  have  they  been  altogether  futile.    Ilypotheaes, 
framed  in  advance  of  positive  knowledge,  help  to  stimulate  investi- 
gation, and  ao,  deapito  their  errors,  lead  us  ultimately  to  tlic  truth. 
In  reality,  the  three  sta^s  of  growth  coexist ;  experiment  and  spccu- 
latjon  go  on  Mde  by  side;  nnd  each  one  reinforces  the  others. 
At  the  beginning  of  the  nineteenth  ecntury,  chemistry  was  in  a 
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tfBuriU^malt  I  might  almost  say  a  formative,  penod  of  its  existence- 
It  WAS  just  emerf^ng  from  th«  moras&cs  of  a  philosophy  unchecked  by 
experiment,  nnd  from  the  vngfiries  of  the  alchemists,  und  was  nssum- 
iug  something  like  its  present  form.  A  goodlymass  of  data  bad  been 
gathered;  they  were  partly  classified,  and  the  work  of  interpretation 
WAS  successfully  begtm.  The  analyses  of  air  and  water,  the  discrimin- 
ation between  elenient5  and  compounds,  a.nd  a  recognition  of  the 
constancy  of  mass,  had  tajd  the  foundations  of  the  new  science.  This 
word  "new"  I  use  advisedly.  In  its  earlier  days  chemistry  was  only 
an  empirical  art,  in  which  discoveries  were  made  by  chance,  and 
remcmlwred  because  of  their  utility.  Chemical  facts  were  secrets  lu 
the  hands  of  artisans,  or  held  by  initiated  priesthoods;  and  when 
they  were  recorded  at  all  it  was  only  in  the  form  of  useful  recipes 
or  as  medical  prescriptions.  As  a  science,  as  an  organised  body  of 
knowledge  with  a  philosophy  of  its  own,  chemistty  hardly  existed 
before  U»e  time  of  Boyle.  Alchemy,  groping  in  the  darkness,  had 
made  useful  discoveries;  but  their  successful  correlation  waa  an 
affair  of  a  much  later  period.  To  Lavoisier,  more  than  to  any  other 
one  man,  the  transformation  of  chemistry  from  an  art  into  a  science 
must  be  ascribed.  There  were  greater  discoverers  than  Lavoisier, 
perhaps,  but  he  was  the  organizing  spirit,  and  his  proof  that  matter 
was  indestructible  made  quantitative  chemistry  a  possibility.  With- 
out such  a  baeje  a  rational  science  would  be  almost  inoonceivable. 
It  is  a  necessary  complement  to  the  older  philosophical  maxim  that 
frnm  nothing  nothing  can  be  made.  Creation  and  destruction  are 
equally  beyond  our  powers  —  a  truism  which  the  ancicnta  may  have 
appreiiendcd ,  but  which  before  the  time  of  Lavoisier  rested  on  spec- 
ulation nlonc.  Indeed,  the  conception  was  defective  until  the  middle 
of  the  nineteenth  century,  when  the  doctrine  of  the  coneer^^alion  of 
energy  raised  it  to  completion. 

Let  us  now  return  to  the  opening  of  the  century  and  see  how  mat- 
ters stood.  The  simpler  gases,  acids,  and  bases,  and  the  commoner 
metals  were  known,  and  many  compounds  had  been  more  or  iesa 
Completely  examined.  Richler  and  Fischer  had  shown  that  reactions 
took  place  in  proportions  which  exhibited  simple  relations  t-o  one 
another;  the  doctrine  of  phlogiston  had  ceased  to  dominate  chemical 
opinion,  and  the  law  of  definite  prnportinns,  deKpite  the  opposition 
of  Berlhollet,  was  generally  received.  That  chemical  changes  .should 
be  governed  by  fixed  quantitative  laws  was  a  natural  condition  to 
expect,  but  it  needed  both  pniof  and  explanation.  So  many  reason- 
able theories  had  already  broken  down  that  a  healthy  skepticism 
prevailed,  and  chcmista  demanded  concrete  evidence  in  favor  of 
every  proposition  that  philosophy  might  offer  for  their  edification. 
Rubbiah  had  been  cleared  away,  —  what  structure  should  rise  in  its 
place?  An  answer  to  this  question  was  speedily  forthcoming. 
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It  w&fi  in  October,  1803,  that  John  Dalton  published  the  beginniog 
'  of  his  famotui  atomic  theory,  but  it  was  not  until  6\'e  years  later  that 
I  gave  it  completely  to  tli«  world.  Merely  aa  a  speculation,  the  idea 
[of  atoms  wiu  oa  old  &s  philosophy;  but  in  its  Bciontific  form  it  waa 
|jH>methiDg  entirely  new.  Under  it,  th«  law  of  dofiDite  proportionn 
eanw  neooesar^*  and  significant;  the  taw  of  multiple  proportions, 
'vhich  had  been  partially  nnticipated  by  others,  was  made  complete; 
[lad  thei>e  consideration ;«  alone  would  have  juitttBed  the  provisional 
•leceptance  of  the  doctrine.  It  unified  the  known  or  suspected  laws  of 
chemical  combination  and  j^ave  them  philosophic  validity.  It  incited 
chemists  to  verify  the  evidence  in  its  favor,  and  so  led  to  new  dis- 
coveries; in  short,  it  fulfilled  all  the  conditions  of  a  good  scientific 
theory-  Its  chief  peculiarity,  however,  its  prime  difference  from  all 
prceedinK  atomism,  remains  to  be  stated.  Dalton  discovered  that 
to  every  clement  a  single  definite  number  could  he  assigned,  and  that 
these  numbers  or  their  multiples  governed  the  formation  of  all  com* 
pounds.  Oxygen,  for  instance,  unites  with  other  clcmentfi  in  the 
proportion  of  eif;ht  ports  by  weight  or  some  multiple  thereof;  never 
in  other  ratios.  These  combininR  numbers,  under  Dalton's  theory, 
became  the  relative  weights  of  the  atoms;  and  atomism,  hitherto  a 
qualitative  notion  only,  received  a  quftntitative  expression.  With  the 
help  of  these  atomic  weights,  or  combining  numbers,  as  some  anti- 
theorists  preferred  to  call  them,  the  composition  of  any  aubstance 
could  be  represented  by  a  simple  formula;  and  chemical  calculations, 
^whtch  had  been  empirical  and  arbitrary, became  systematic  andeasy. 
la  short,  Daltoa  had  discovered  a  new  class  of  constantu,  the  fund&- 
mental  numbers  of  quantitative  chemistry,  whose  significance  has 
steadily  inoreased  and  is  probably  not  even  yet  completely  appre- 
ciated.  To  this  point  I  shall  recur  later. 

The  decade  following   Datton's  unique   discovery   was  chiefly 
characterized  by  two  lines  of  research,  the  study  of  inorganic  com- 
potinds,  and  the  investigation  of  their  physical  relations.    Davy, 
by  decomposing  the  alkalies  and  earths,  gave  precision  and  definite- 
ness  to  the  conception  of  a  chemical  element,  while  Gay  Lu&hoc  and 
Avogadro  discovered  the  laws  which  connected  the  volume  relations 
of  gases  with  their  chemical  composition.  To  Avogadro  we  owe  the 
i-diflcrimtnation  between  atoms  and  molecules  —  a  distinction  which 
pliyacs,  unaided  by  chemical  evidence,  could  probably  not  have 
reached,  and  which  even  now  is  often  overlooked  by  physicists.  Max- 
well, for  example,  in  his  article   upon   atoms  in  the  Encyrlopiedia 
Britannica,  deslu  with  molecules  throughout,  and  fails  to  mention 
Bolton's  work  at  all.  To  Maxwell  the  physical  arguments  were  clear, 
the  chemical  rclatiooB  were  not  adcqualcly  appreciated. 

In   1SI9   Dulong  and  Petit  discovered  the  law  connecting  th« 
Bp«cifie  heat  of  a  solid  clement  with  its  atomic  weight,  but  apart 
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from  that  inveetigatioa  clicmical  research  hccnme  for  thirty  year* 
larfiely  a  mjittcr  of  detail.  Discoveries  were  many,  supcossful  gcncral- 
txation.'^  were  few.  During  this  epoch,  Wohler,  by  his  eynthesis  of 
urea,  broke  down  the  barrier  between  organic  and  inorganic  com- 
pounds; Liebig  and  othens  provec!  that  groups  of  atoms,  the  so- 
called  comi>ourd  radicles,  could  ploy  the  part  of  pseudo-elements; 
Dumas  established  the  principle  of  substitution,  and  Faraday  con- 
nected tho  phenomena  of  electrolysis  with  the  atomic  constants. 
Inorganic  cheniistrj',  however,  received  the  lion's  share  of  attention, 
and  the  commanding  figure  of  the  period  was  that  of  Berzelius.  To 
him  we  owe  the  development  of  chemical  forniulBe  and  equations, 
the  thorough  detenu inatinn  of  many  atomic  weights,  the  discovery 
of  new  elements,  find  the  investigation  of  innumerable  compounds. 
And  yet  his  gigantic  labors  wore  performed  in  a  laboratory  which  a 
modern  high  school  would  despise,  in  which  the  chemist  of  to-day 
would  be  able  to  accomplish  next  to  nothing.  It  was.  in  fact,  a  kitchen, 
wherein  cookery  and  research  were  carried  on  almost  side  by  side. 
Had  Berzelius  poeseswd  our  wealth  of  resources,  could  he  have 
achieved  a  greater  auccess?  Perhaps  not.  for  we  must  remember  that 
he  had  a  virgin  field  to  eultivale,  and  the  implements  of  the  pioneer 
are  less  elaixirale  than  those  which  his  successors  require.  A  great 
jiart  of  the  work  done  by  Berzolius  was  not'essarily  crude,  and  much 
of  it  is  still  awaiting  revision,  for  the  man  who  clears  the  ground  is  not 
the  one  to  give  it  the  highest  cultivation.  Aa  knowledge  grows,  the 
demands  for  facilities  increase,  and  wc  could  not  return  to  primitive 
methods  even  if  we  wished  to  do  so.  Imagine  a  modem  astronomer 
with  Ofttilco's  telescojxi,  and  nn  more  malhematies  thiin  Kepler 
eoidd  commnndl  Rerzelius  labored  in  llie  days  of  fimall  thinga,  and 
being  gre:it  he  nvercame  the  obstacles  that  confronted'  him;  we 
to-day  lire  the  slaves  of  u  complexity  such  us  the  earlier  chemists 
could  never  have  imagined.  I  refer  now  l*i  the  miiterial  side  of  science ; 
in  iti!  theoretical  aspects  simplicity  has  been  gained  and  our  range 
of  vision  hns  widened  corrcBpondingly.  We  work  in  clearer  air  and 
with  much  more  powerful  applitincesthan  tho  investigators  of  earlier 
times,  but  to  say  that  we  do  Ijettt-r  would  be  rash  indeed.  There  are 
giants  in  all  »iays,  and  no  age  has  a  monopoly  of  greatness. 

During  the  Berztrlinn  period,  aa  1  have  said,  inorganic  chemiHtry 
was  the  main  mbjcct  of  chemical  research.  But  it  was  not  the  only 
theme,  for  chemical  phy.'tics  also  received  a  good  deal  of  attention, 
and  organic  conipoimdR  were  by  no  mcan.t  neglected.  Inorganic 
substances  wei-e  apparently  simple,  the  organic  were  complex;  and 
so  the  former  were  naturally  considered  first,  the  more  obvious  pro- 
blems taking  precedence  over  the  Ics.^  evident.  By  degrees,  howe%'er, 
opinion  chnngcd,  and  the  great  discoveries  of  Wiililcr,  of  Lichig,  and 
of  Dumas,  the  theoretical  discussions  of  Laurent  and  Gcrhoidt,  and 
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perli&pti  alflo  the  physical  regularities  pointed  out  by  Kopp,  turned 
the  rurrent  of  research  intn  a  new  chuiinel.  Substunces  that  could  be 
nrran^^cd  in  series,  with  progrosaivo  diffcrciirca  in  roinpositian  and 
properties,  were  evidently  worth  cxamiiiiaK;  ft  compound  radieic 
wns,  jn  its  way,  as  fascinating  an  object  of  study  as  a  new  clement; 
the  possibilities  of  substitution  and  the  man'cloue  chemical  plasticity 
or  organic  matter  were  noted,  and  all  of  these  eonitiderations  worked 
together  in  effecting  a  transformation  of  chemical  thought.  Organic 
chemistry  became  the  fashion,  and  for  nearly  fifty  years  it  was  the 
cenbraJ  subject  of  research. 

Before  entering  upon  this  new  period,  let  us  ro  back  and  examine 

the  conditions  under  which  progress  had  prcviovisly  been  made. 

How  was  the  work  done,  and  what  impulses  urged  it  forward?  What 

purposes,  what  demands,  what  encouragement,  led  chemists  to  pdrsue 

their  labors?    At  first,  chemistry  was  a  branch  of  the  older  natural 

philosophy,  and  the  discovery  of  natural  laws,  the  reaching  after 

truth  for  its  own  soke,  was  the  chief  aim  of  investigators.  These,  as 

II  rule,  were  individuals,  working  independently,  each  on  his  own 

resources,  and  without  thought  of  praotii?al  results.     Seience  and 

industrj- were  as  yet  unallied;  chemistry  had  but  a  small  part  in 

schemes  of  education;  institutions  for  the  aid  of  research  were  few, 

and  those  which  did  exist  were  scantily  endowed.    Da\'y,  to  be  sure, 

had  the  Royal  Institution  behind  him,  and  in  it  he  discovered 

Faiadoy;   Beraelius  was  secretarj'  of  the  Academy  at  Stockholm; 

but  these  were  exceptional  caaes,  and  not  by  any  means  the  rule. 

PeiBonal  initiative  and  voluntary  effort  were  almost  the  sole  agencies 

at  work.  The  great  discoveries  were  made  by  amateurs,  by  men  who 

among  other  labors  found  some  leisure  in  which  to  study;  and  only 

the  occasional  man  like  CavcudiBh,  with  ample  means,  could  give  his 

whole  time  to  research.     Priestley  was  a  clergyman;   Schccle  an 

apothecarj-;  Lavoisier  a  public  official, and  these  are  typical  examples. 

The  impulse  to  in%'estigate  came  from  witliin, uninfluenced  by  thought 

of  profit  or  by  any  manner  of  external  compulsion.    An  inspiration, 

not  tbc  pressure  of  a  duty,  drove  our  predecessors  forward. 

By  degrees,  however,  cliemistry  was  found  to  be  useful,  and  the 
commercial  demand  for  chemical  scrvicea  began.  Manufacturers 
discovered  that  processes  and  products  could  be  improved,  and  that 
waste  material  had  value;  metallurgy  developed  along  chemical 
lines, medicine  gained  new  remedies,  and  agriculture  was  turned  from 
its  traditional  empiricism  into  scientific  courses.  A  new  set  of  im- 
pulees  was  jpven  to  chemi3tr>-,aud  many  of  its  practitiuners  became 
Ittofeseional  in  expectation  of  material  profit  and  reward.  The  field 
of  rescaKh  was  widened,  and  civilization  waa  thereby  advanced. 
Chemistr>'  vraa  not  merely  a  philosophical  amusement^  but  an  agent  for 
"the  betterment  of  man's  estate;"  and  so  b  double  motive  existed 
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for  its  further  development.  This  combination  of  inteUectual  interest 
with  utility  gave  the  science  a  higher  place  in  educational  affairs;  and 
whenLiebig  opened  tlie  first  university  laboratory  for  students  at 
Gieasen,  a  new  era  for  chemistry  began.  Before  that  time  the  chenust 
WHS  either  self-taught  or  trained  in  private  laboratories;  now  he 
could  aspire  to  scholastic  honors  and  assume  his  proper  position  as  a 
learned  man.  As  a  discoverer,  Liebig  was  great,  but  his  chief  services 
to  chemistry  were  in  his  educational  work  and  in  the  spplication  of 
science  to  agriculture.  To  those  actiievements  his  wide  reputation 
is  mainly  due. 

For  chemistry,  then,  the  second  half  of  the  century  opened  auB- 
picioufily.  Chemieta  were  needed  for  technical  purposes  and  as  teach* 
ers,  and  resources  were  placed  at  their  disposal  almost  without  stint. 
Discovery  was  stimulated,  investigation  l>ecame  mire  systematic, 
theory  and  practice  developed  side  by  side.  Practical  applications 
followed  the  most  abstract  researches;  new  industries  sprang  into 
existence,  and  in  education  mere  bookishness  gave  way  to  experi- 
mental methods.  A  great  but  silent  revolution  had  taken  place,  whose 
magnitude  will  be  better  appreciated  by  posterity  than  by  ourselves. 
Had  science  done  no  more  than  to  replace  supposition  by  experiment, 
and  chance  discovery  by  orderly  research,  the  revolution  would  still 
have  been  one  of  the  greatest  in  the  history  of  mankind.  Chemistry 
was  not  the  sole  s-gent  in  effecting  the  transformation,  but  it  surely 
played  one  of  the  leading  parts. 

All  of  the  agencies  which  1  have  mentioned  helped  to  encourafc 
the  study  of  organic  chemistry.  Jt  was  systematic,  and  therefore 
easily  taught,  and  it  was  full  of  suggestiveness  both  for  teacher  imd 
pupil.  Its  practical  applications  were  many,  and  gave  the  invosti- 
gator  hope  of  material  rewards ;  the  revel  ations  of  coal-tar  alone  were 
enough  to  stimulate  chemists  to  the  greatest  activity.  So  it  happened 
that  Inorganic  chemistry  fell  into  neglect,  and  the  majority  of  chem- 
ists followed  the  leaders  into  the  new  field.  The  conceptions  of  chem- 
ical structure,  which  had  been  slowly  evolving  during  many  years, 
were  given  delimteness  by  the  discovery  of  valence,  and  of  this  the 
benzene  theory  was  perhaps  the  most  brilliant  application.  Frank- 
land,  Williamson,  and  Perkin  in  England;  Dumas  and  Wurtz  in 
France,  Kekul£  and  Hofmann  in  Germany,  and  the  Rus^an  Butlerow, 
are  the  conspicuous  names  connected  with  the  modem  movement. 
Organic  chemistry  became  an  Imposing  structure,  and  yet  it  rested 
upon  the  foundations  which  the  older  chemists  had  laid.  The  con- 
stitutional formulie  were  built  upon  atomic  conceptions,  valence 
itself  was  a  property  of  the  atom,  and  complete  acceptance  of  the 
new  ideas  was  impossible  until  after  Canuizzaro  liad  revised  the 
atomic  weights  and  brought  them  into  harmony  with  Avogadro's 
law.    Up  to  tb&t  point  there  was  a  chaos  of  rival  doctrines,  after- 
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:  order  reigned.  The  full  fflgnificaiice  of  valence  could  not  appear 
'^untfl  the  old  system  of  chemical  equivalents  h»d  been  set  amic. 

Naturally,  as  the  mass  of  chemioal  data  increased,  specialism 
became  necessary.  No  man  «ouId  expect  to  know  the  whole  of  chem- 
istry; a  small  part  of  it  was  all  that  any  one  could  handle,  and  the 
inevitable  results  foUoued.  A  specialist  may  be  broad,  but  the  direct 
tendency  of  specialism  is  to  narrow  one's  field  of  view,  and  to  con- 
centrate the  attention  upon  details  rather  than  generalities.  The 
theories  wtuoh  fit  immediate  condillDiiB  then  become  satisfactory,  and 
the  chance  that  they  may  be  only  partial  glimpses  of  greater  laws  is 
disregarded.  Only  the  stronger  and  more  philosophical  minds  can 
eseape  these  limitatiou!:^  and  aee  things  in  tlieir  larger  aspe^-'Lfi. 

To  the  organic  specialist,  at  least  in  most  cases,  the  doctrine  of 
valence  was  adequate;  for  it  explained  the  combinations  with  which 
be  had  to  deal.    Relatively  few  of  the  cheinical  elements  were  seri- 
ously considered  by  him,  and  they  offered  no  insuperable  difhculties. 
Carbon  waa  the  typical  element,  the  key  to  all  organic  matter;  its 
qtiadrivalency  in  terms  of  the  iiydrogen  unit  was  iissured;  itjs  ability 
to,tmite  with  itself  in  chains  or  rings  was  established;    with  these 
(lata  constitutional  formula-  became  truly  significnnt,  and  useful  for 
ihe  correlation  of  existing  knowledge.     Even 'more  can  be  said  in 
their  favor,  for  they  hod  a  certain  prophetic  ability  which  guided 
naearcb  and  foretold  discover^'.  But,  after  all,  earbon  was  only  one 
among  many  element.'*,  and  nobody  was  justified  in  assuming  that 
its  modes  of  combination  represented  general  laws,  or  that  ideas 
drawn  from  the  study  of  organic  matter  alone  were  applicable  else- 
'ifhwe.     The  tiieory  of  valence  must  be  tested  with  regard  to  all 
the  elements  before  ite  full  validity  could  be  recognized,  and  that 
^ttet  implied  a  renewal  of  interest  in  inorganic  problems.  It  was  noceft' 
'  to  dlscriminatobctwccnspeciul  cases  and  fundamental  principles, 
and  so  a  much  larger  field  than  organic  chemistry  could  offer  had  to 
be  surveyed.  Clues  had  bcco  foundin  the  study  of  carbon  compounds, 
but  where  were  they  to  lead? 

So  fur  as  actual  knowledge  went,  the  chemical  elements  were  dis- 
tinct entities,  and  speculation  as  to  their  nature  had  been  looked 
^Opon  generally  with  disfavor.   And  yet  they  had  points  in  common 
which  rendered  their  classification  possible,  and  it  was  perfectly 
■  evident  that  they  could  be  arranged  in  a  small  number  of  natural 
'groups.  Certain  elements  were  obviously  types  of  others;  some  were 
isomorphous,  as  shown  by  Mitscherlich,  and  some  exhibited  serial 
relations  as  in  Dobereiner's  triads;  but  no  one  scheme  of  classifica- 
tion covered  the  entire  ground.    Analogies  were  numerous  enou^, 
but  their  meaning  was  not  clear.  A  process  of  evolution  was  at  work, 
however,  and  in  due  time  it  culminated  in  Mundelejeft's  develop- 
ment of  the  periodic  system.   All  partial  classifications,  all  the  dim 
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foreshadowings  of  law,  now  fell  into  place  together,  and  one  siiuple 
generalijsBtion  occupied  the  field.  The  atomic  weights  became  more 
than  ever  the  ftmdamentat  conBtaats  of  chemistry,  and  al!  the  pro- 
perties of  the  elements  were  seen  to  be  periodic  functaonH  of  theae 
quantities.  In  Mendelcjeff's  table  stress  was  Uid  upon  valence  and 
the  form  of  compounds  which  each  element  cotild  yield;  in  Lnthar 
Meyer's  curves  the  ph3'<iical  relationa  were  emphasized,  and  so  each 
statement  reinforced  the  other.  Newlands,  it  is  true,  had  partlaUy 
anticipated  Mendelejcfl,  but  his  law  of  octaves  fell  just  short  of  com- 
plctcncSiS. 

At  first,  the  periodic  classifi cation  attracted  comparatively  little 
attention,  and  its  general  acceptance  might  have  been  slow  had  it 
not  been  for  certain  prophecies.  In  Mendelejeff'e  table  there  were 
many  gapg;  these  were  attributed  to  the  existence  of  element*  as 
yet  unknown,  and  for  three  of  them  the  author  ventured  upon  pre- 
dicttonH.  Each  element  must  have  a  certitin  atomic  weight,  a.  pre- 
scribed density  and  melting-point,  and  should  form  compounds  of 
a  stated  character.  In  due  time  tlie  three  imknown  elements  were 
actually  found,  and  gallium,  scandium,  and  germanium  confirmed 
all  of  MemlelejefT  8  anticipations.  The  importance  of  the  clo^ssifica- 
tion  was  thus  established,  and  the  periodic  law  became  one  of  the 
foundation  stones  of  modern  chemistry.  The  conception  of  valence 
aa  a  property  of  the  atom  acquired  a  broader  significance;  in  coses 
that  had  been  doubtful  its  magnitude  could  be  determined,  and  with 
its  aid  the  chaos  of  inorganic  chemistry  began  to  exhibit  signs  of 
Bomething  like  order.  The  deficiencies  of  the  periodic  system  I  need 
not  mention  here,  for  this  is  no  time  for  details;  neither  shall  I  dis- 
cuss the  obvious  diHicultios  which  arise  when  we  Eeek  to  apply  the 
doctrine  of  valence  to  inorganic  compounds;  only  the  larger  veritiee 
concern  us  now.  In  the  broadest  sense  the  periodic  classiBcation  is 
sound;  the  principle  of  valence  is  general,  and  the  obstacles  which 
now  appear  will  doubtless  be  overeome  by  future  investigation. 
That  the  greatest  generalization  haabeen  reached,  we  cannot  assume; 
but  so  far  as  we  have  gone  we  stand  on  solid  ground,  and  can  continue 
our  explorations  in  safety. 

Up  to  a  certain  point  organic  compounds  had  been  successfully 
interpreted  in  terms  of  valenc:c.  Isomerism  was  explained,  and  the 
existence  of  unknown  isomers  could  be  predicted ;  difFerent  atoms 
were  assignable  to  different  positions  within  the  molecule,  as  in  the 
case  of  the  four  hydrogen  atoms  of  acetic  acid,  one  fixed  and  three 
replaceable;  but  after  all  this  had  been  done  there  were  still  some 
difficvdtles  outstanding.  Isomers  existed  whose  chemical  atruclure 
seemed  to  be  the  eaiiie.  and  for  their  interpretation  an  extension  of 
chemical  theory  was  needed.  This  want  was  supplied  by  van't  Hoff 
and  Lebel,  who  almost  simultaneously  pointed  out  the  eonaequeneca 
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tof  uei^iDg  a  t«trahedral  form  to  the  atom  of  carbon.  From  the  pro- 
Brties  of  such  an  atom  a  new  class  of  structural  fomuIiE  could  be 
[^deduce*!,  by  means  of  which  the  so-cailed  cases  of  "  phyait-al  iaomer- 
1 "  weresioiply  interpreted.  The  molecules  of  Lartaric  aud  racemic 
acids,  for  example,  refecinble  each  olher  as  an  object  resembles  its 
refleclion  iu  a  mirror,  the  one  beiii^  n  revcraal  of  tlie  cither.  Our 
science  acquired  a  new  province,  that  of  etcreochemistry,  which  in  lese 
than  tliirty  years  has  grown  to  impressive  dimeuaiona.  The  theory  of 
van't  Hoff  and  Lebel  did  more  tiian  ti>  interpret  the  irouWesome 
known  phenomena,  it  encouraged  additional  research  and  led  to  many 
l^discoveriea.  At  firet,  the  asymmetric  carbon  aUim  alone  wascoasjd- 
1.  but  its  peculiar  projjerlies  are  now  shared  by  other  elements, 
and  physical  or  st«rcD;;hcmical  isomers  are  found  even  among  in- 
organic compounds.  When  oue  atom  is  combined  with  four  other 
atoms  or  groups  of  as  many  different  kinds,  optical  asymmetry 
appeara,  and  physical  ieotnerism  becomes  possible. 

During  the  ninth  derade  of  the  century  the  dominating  interest  in 
orgiiuic  clieniistry  began  to  wane,  for  the  reason  that  other  subjects 
were  demanding  their  share  of  attention.  I  do  not  mean  by  this  that 
the  activity  of  organic  chemists  diminished,  for  their  output  of  dis- 
covery was  never  greater  than  now;  but  the  centre  of  the  stage  was 
slowly  being  filled  by  other  groups  of  actors.  Inorganic  chemLitrj' was 
reviving  from  its  long  noglwt,  and  physical  chemistry  loomed  large 
upon  the  horizon.  In  each  of  these  branches  jouinals  were  started, 
and  no  difficully  was  found  in  filling  their  pages  with  the  reconls  of 
lucccsaful  investigations.  In  theory,  physical  chemistry  has  made 
the  greatest  advances,  inorganic  reaearch  has  been  more  a  matter  of 
detail.    Let  us  briefly  consider  the  two  themes  separately. 

To  the  inorganic  chemist  several  duties  were  apparent.  Old  work 
needed  revision,  the  eompomids  of  many  elements  were  almost  tmde* 
scribed,  there  was  a  lack  of  system  to  remedy,  and  the  theories  de- 
rived from  organic  chemistry  were  to  be  tested  and  applied.  A  very 
large  part  of  the  work  was  necessarily  descriptive,  a  preparation  for 
the  future,  but  back  of  it  all  lay  a  fundamental  question  with  which 
all  physical  science  is  connected,  for  the  nature  of  matter  itself  was 
to  be  determined.  In  its  broadest  sense  this  question  demands  the 
cooperation  of  all  science  and  all  philosophy,  but  to  inorganic  chem- 
istry one  phase  of  it  may  be  assigned.  What  is  the  nature  of  the 
rhcmical  elements?  Are  they  one  or  many?  And  how  shall  an  element 
be  defined?  To  these  questions  there  is  as  yet  no  final  answer,  but 
clnes  to  follow  are  many,  and  some  of  them  are  offered  by  the  periodic 
law.  To  remedy  its  imperfections  is  an  obvious  duty  for  inorganic 
chemists  to  perform. 

Near  the  middle  of  tlie  Mendelejeff  table  and  of  the  Lothar  Meyer 
curve  there  is  an  area  which  is  partly  blank  and  partly  filled  with  the 
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lymbolfl  of  uncertain  elements.  That  S(>me  of  them  were  tri-  and 
others  quwlrivalent  was  well  eistnbSished ;  but  their  number  was 
undctcniunod,  nnd  the  plncos  which  they  should  occupy  were  even 
more  doubtful.  Some  of  the  UDccrtninties  still  remain,  and  some 
have  been  cleared  away;  but  the  main  problem  is  as  yet  unanswered, 
and  therefore  the  metals  of  the  riirc  earths  itre  still  actively  atudied. 
Supposedly  definite  earths  have  proved  to  be  mixtures;  others,  like 
cerium,  lanthanum,  yttrium,  and  ficandium,  E«om  to  he  definitely 
placed;  but  what  shall  we  say  of  the  rest?  Didymium  was  thought 
to  be  Q  distinct  clement,  and  yet  it  has  been  split  in  two;  samarium, 
gadolinium,  erbium,  and  ytterbium  are  probably  definite;  but  sev- 
eral other  metals  are  claiming  recognition;  and  so,  notwithstand- 
ing the  progress  which  has  been  made,  a  large  part  of  the  field  is  still 
obscure.  Through  the  study  of  the  rare  earths,  one  side  of  our  pro- 
blem, the  nature  of  the  elements,  is  open  to  attack;  but  only  the 
outworks  have  been  carried  so  ftir. 

According  to  modem  ideas,  the  integrity  of  an  element  is  deter- 
mined by  two  conditions;  it  must  have  a  distinct  spectrum  and  a 
definite  atomic  weight.  In  the  study  of  the  rare  earths  these  criteria 
have  been  systematically  applied,  and  to  great  advantage;  but  what 
has  been  done  elsewhere?  To  answer  this  question  we  must  go  back 
more  than  forty  years  in  time  and  make  a  new  beginning. 

It  was  near  the  middle  of  the  century  that  August  Comie,  seeking 
to  find  some  limilji  to  positive  knowledge,  argued  that  it  would  be 
impoS8il)lc  for  us  ever  to  determine  the  nature  of  the  hcavciUy 
bodies.  Are  they  composed  of  matter  hke  that  which  forms  the  eartb, 
or  arc  they  different  in  kind?  —  on  that  theme  wc  might  speculate, 
but  we  could  never  know.  The  prophecy  was  futile;  Kirchhoff  and 
Bunsen,  with  the  epectroSRopc,  swept  the  timitutions  away,  and  all 
the  tmiverse,  as  far  as  eye  could  reach,  was  found  to  contain  familiar 
elements,  but  under  conditions  not  always  like  our  own.  Astronomy, 
physics,  and  chemistry  had  gained  a  new  weapon,  and  discovery 
foUo%ved  discovery  along  widely  different  lines. 

In  the  chemical  laboratories  the  value  of  the  new  instrument  was 
immediately  proved.  Two  mctdls,  caesium  and  rubidium,  were  pre- 
sently discovered  by  its  aid,  thallium  and  indium  were  found  a  little 
later,  and  their  analogies  to  other  element."*  made  them  comparatively 
easy  to  classify.  The  periodic  sjstem,  which  was  developed  later  still, 
gave  them  their  proper  positions  among  the  metals,  and  they  in  tuni 
made  the  clarification  more  complete,  and  therefore  easier  to  esta- 
blish. In  each  case  the  double  criterion  was  applicable,  and  definite 
spectrum  was  connected  with  definite  atomic  weight.  I  speak  now  of 
emission  spectra;  but  they  are  not  the  only  kind.  Certain  solutions 
give  absorption  spectra,  and  they  have  been  of  great  assistance  in  the 
etudy  of  the  rare  earths.  In  the  identification  of  the  elements,  then, 
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Ibe  spectroscope  has  renilerod  service  of  ioestimahle  viiliie,  and  dis- 
co\'ery  would  have  boon  ver>-  slow  without  it.  Quit*  recently,  at  the 
very  end  of  the  lust  century  and  during  tho  few  yoars  of  the  new,  re- 
lations hsvc  appeared  between  the  wave-lengths  of  the  spectral  lines 
and  the  atomic  weights  of  the  elemental;  but  the  general  expreaaon 
which  shall  connect  them  all  is  yet  to  be  revealed. 

Another  discovery  in  the  reaim  of  inorganic  chemistry  is  deserving 
of  mention  now  on  account  of  its  peculiar  signilicance.  The  atmo- 
sphere was  thought  to  be  wcU  known,  and  yet  in  1S95  a  new  element, 
argon,  was  discovered  in  it.  This  find  was  quickly  followed  by  others 
of  like  kind.,  and  now  five  gBGcs  previously  unknown  have  been 
extracted  from  the  air.  Each  gas  is  identifiable  by  its  spectrum  and 
its  density,  and  from  the  latter  datum  the  atomic  weight  can  be 
inferred. 

Now  the  interesting  fact  concerning  these  atmospheric  g&see  — 

helium,  neon,  argon,  krypton,  and  xenon  — is  that  they  reprpscnt 

matter  of  a  new  kind.    So  far  as  evidt-nce  goes,  they  are  monaloniic, 

absolutely  inert,  and  incapable  of  union  with  other  elements.    Their 

valence  is  nero,  and  when  the  periodicity  of  the  elements  is  repre- 

eented  by  a  vibratory  curve,  they  occupy  the  points  of  rest,  —  the 

nodes.  They  are  matter  having  physical,  but  no  chemical,  properties, 

and  therefore  they  can  be  investigated  only  upon  the  physical  aide. 

This  conclusion,  perhapfi,  should  be  stated  pniviisiniially,  for  it  may 

be  reversed  by  future  diiscovery;  but  of  this  possibility  we  have  only 

one  suggestion.  Helium  wan  first  extracted  frttm  (he  mineral  uraninite 

in  which  it  ifl  firmly  held,  and  wc  cannot  nay  with  certainty  that  it 

ia  not  chemically  combined.    Altered  or  ma»sivi;  uraninite  contains 

litUo  or  no  helium;   the  crj-slallized  varieties  yield  more,  and  the 

most  brilliant  and  perfect  cr^'stals  are  the  richest  of  all.    The  gas 

may  be  merely  occluded,  but  the  bare  chance  of  combination  should 

not  be  overlooked.     Either  supposition  is  legitimate;    but  there  is 

still  one  more  possibility,  namely,  that  helium  may  be  generated  by 

the  decay  of  another  substance,  and  not  be  an  ori^nai  constituent 

of  unininile  at  all.    Here  wc  touch  the  mystery  of  radium  —  a  body 

which  challenges  our  former  conceptions  of  an  clement,  for  seemingly 

it  can  be  decomposed, 

Hie  discovery  of  radium  by  Mme.  Curie  belongs  to  the  nincteentlL 
century,  and  therefore  it  falls  within  the  scope  of  this  essay.  Hov 
it  was  found,  how  laboriously  the  phenomena  of  radioactivity  were 
observed  in  order  to  isolate  traces  of  the  new  metal,  we  all  know,  and 
the  details  need  no  repetition  here.  At  last  pure  salts  of  radium  were 
obtained,  and  the  two  criteria  of  spectrum  and  atomic  weight  were 
ntJsfied.  Radium  is  clearly  a  metal  of  the  harimu  group,  it  fUls  a 
definite  place  in  the  periodic  table,  its  claims  to  elenifnlary  rank  are 
on  a  level  with  those  of  other  elements,  and  yet  itexhibltsan  apparent 
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inBlftbility  which  is  difficult  to  explain.  Radium  gives  off  material 
emanations  that  arc  different  from  itself;  they  are  gaaeoua  and  inert ; 
in  them  the  spectrum  of  heLium  has  been  observed.  Krom  one  element 
another  secniH  to  be  derived,  and  all  our  notions  of  what  an  element 
should  be  are  thrown  into  t-emporary  confusion.  I  say  "temporary," 
for  1  believe  that  order  will  be  restored,  and  thut  a  deeper  itiaight 
into  the  eoiistitution  nf  matter  is  close  at  hand. 

Fardnn  nie  now  if  I  neem  to  wander  from  one  part  of  my  subject  to 
another.  IJetwecin  the  varioua  dcpttrtnient«  of  knowledge  there  are 
no  Hharp  bnundarieti,  and  the  solution  of  a  problem  often  depends 
upon  the  wmvergence  of  tc;itimony  from  many  different  direetioms. 
The  nature  of  the  elements  is  primarily  a  question  for  the  inorganic 
chemist;  but  phj-sicshas  much  to  say  upon  the  subject,  and  even  the 
Bcriftl  relations  of  organic  compounds  offer  suggestive  analogies  which 
are  entitled  to  some  consideration.  TTie  periodic  system,  with  its 
-fulfilled  prophecies,  tells  iia  thut  the  elements  are  related  one  to 
another  by  some  distinct  law;  the  spcetroacopc  given  us  evidence  of 
a  different  order;  electrical  phenomena  have  their  aharo  in  the  etorjr, 
and  the  modern  phenomena  of  radioactivity  offer  the  latest  toati- 
mony  of  all.  What  conclusions  seem  to  be  foreshadowed  by  the  data 
now  in  hand? 

One  of  the  earliest  achievements  of  the  spectroscope  was  the 
rehabilitation  of  the  nebular  hypothesis.  The  rcBolutino  of  some 
nebulffi  into  clusters  of  stars  had  shaken  faith  in  Laplace's  specu- 
lation; but  when  it  was  proved  that  others  were  really  clouds  of 
incandescent  gas,  belief  in  the  hypothesis  was  restored.  One  point, 
howevefj  was  of  peculiar  interest:  in  the  nebula!  only  one  or  two 
elements,  low  in  the  seale  of  atomic  weightK,  eould  be  Been;  in  the 
whiter  and  hotter  stars  a  few  more  subntances  appeared;  colored 
Btars  were  of  atUl  greater  complexity,  and  so  on  progressively  from 
the  simplest  constitution  to  the  material  heterogeneity  of  our  glol>e. 
If  suna  and  planets  were  evolved  from  nebulte,  it  eeemed  as  if  the 
chemical  clement.s  had  been  sucoesKively  generated  at  the  same  time 
—  a  fliippnsit inn  which  wns  certainly  legitintate,  although  it  was  at 
finst  denied  by  some  ehemistn  as  unworthy  to  be  heard.  At  all  events, 
here  was  tejslimoay  bearing  upon  the  problem  of  the  elementa, 
although  its  full  Kignificunce  vi&s  not  so  clear.  It  could  be  pigcon> 
holed,  but  not  thrown  away. 

Recently,  and  in  great  part  through  the  researches  of  J.  J,  Thom- 
son, e\idenee  has  been  obtained  of  the  reverse  order.  On  one  side  an 
evolution  of  the  elementii  is  apparently  indirated;  Thomson's  experi- 
ments suggest  a  breaking-down.  Dy  studying  the  ionization  of  gases, 
phenomena  were  observed  which  point  to  the  exiHtence  of  particles 
smaller  than  the  Daltoniun  at.oms,  and  a  beginning  has  liecn  made 
toward  the  identification  of  matter  viih  electricity.    The  negative 
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particles,  corpuscles  or  electrons,  have  been  split  off  from  ordinary 
matter,  and  they  are  always  the  Minie,  regardless  or  the  element  from 
which  they  separate.    Even  their  mass  can  be  estimated,  and  it  ap~ 
pe*ra  to  be  about  the  thousandth  part  of  that  which  represents  an 
atom  of  hydrogen.  Thefic  conclusions  are  perhaps  not  final,  but  they 
are  emphasiBcd  by  the  results  obtained  in  the  study  of  radioactivity. 
The  investigations  of  Rutherford  and  Soddy,  of  Ramsay,  Dowar, 
and  others,  all  tend  in  the  same  direction,  and  lead  to  the  suspicion 
that  the  atoms  are  complex  and  subject  to  decay.    The  three  most 
TBdioactive  elements  are  radium,  thorium,  and  uranium,  and  these 
have  the  highest  atomic  weights  of  any  substances  known.    If  the 
elements  ar«  complex,  these  are  the  most  so.  and  therefore  presum- 
ably the  least  stable.    If  we  take  this  testimony  in  connection  with 
thai  given  by  Thomson,  the  evidence  offered  by  the  spectra  of  tha 
heavenly  bodies,  and  the  regularilica  of  the  periodic  law,  we  have 
a  strong  argument  in  favor  of  the  supposition  that  the  so-c&Iled  ele- 
menu  are  not  the  simplest  forms  of  matter,  and  that  they  may  be 
ultimately  one.    The  doctrines  of  unity  of  matter  and  the  unity  of 
force  are  thus  philosophically  allied,  and  only  negative  evidence  can 
be  adduced  to  support  a  belief  in  the  actual  divereity  of  the  elements. 
Speaking  broadly,  organic  and  inorganic  ch«?miatry.  at  lea*t  aa 
they  are  commonly  studied,  are  eascntJally  descriptive  in  their 
character,  and  (hey  di^al  with  statical  phciiutncna.    Physical  chemis- 
Xry,  on  the  other  hand,  is  more  concerned  with  dynamics,  and  seeks 
to  dctermice  the  conditions  of  chemical  oquilibriiim,  and  the  nature 
of  chemical  change.    AlTiat  subKtanees  are  and  what  .'JuhBtancop  do 
are  of  cotirse  only  two  phases  of  the  same  fundamental  pmble-m, 
which  are  separable  ideally,  but  not  otherwise.  Descriptive  chemistry 
lays  BtrcBS  upon  nnc  side  of  the  science,  phy»iral  chrmi.ttr>'  emphastze» 
the  other;  but  they  blend  togt^thcr  by  inipcrrrptibli!  dcgrwca,  and  no 
clear  line  of  demarcation  con  be  drawn  between  them. 

Every  science,  when  viewed  historically,  is  seen  to  have  a  contra! 
line  of  growth,  to  which  its  various  branches  are  naturally  related. 
In  chemistry  this  line  is  marked  by  physical  phenomena,  and  from 
their  study  the  greater  genera liBations  have  been  derived.  Avogadro's 
law,  the  low  of  Dulnng  and  IVtit,  Faraday's  theorj-  of  rlcctrolysis, 
aad  the  periodic  claf<t!ihcation  of  the  elements  arc  good  illustrations  of 
this  principle.  The  atomic  theory  itself,  which  connects  all  of  the 
other  relations,  is  fully  as  much  physical  as  chemical;  valence  is  best 
explained  in  electrical  terms,  and  stereochemistry  arose  from  optical 
and  crystallographic  considerations.  Physical  chemistry  is  the  main 
Blcm  of  our  science,  and  statical  conditions  are  merely  the  results 
af  dynamical  equilibrium.  The  description  of  a  product  is  Incom- 
plete unless  we  have  noted  the  physical  phenomena,  the  trans- 
formations of  energy,  which  took  place  during  its  formation,  and  to 
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studies  of  this  kind  the  chemists  of  the  future  must  devote  a  large 
part  of  their  time. 

During  the  last  twenty  years  the  Importaoce  of  physical  chemistry, 
or  rather  the  recognition  of  its  importance,  boa  steadily  increased, and 
bo-day  it  seems  to  dominate  the  entire  firld  of  chemical  research. 
Laboratories  are  equipped  for  its  purposes  alone,  journals  ore  de- 
voted to  it,  and  the  activity  of  inve^tiKatore  has  become  so  great 
that  subdivision  has  already  begun,  and  men  arc  knon^i  as  thenno- 
chemists,  electro-chemists,  and  so  on.  Electro-chemical  societies  have 
been  formed  and  are  prosperoua;  specialism  is  passing  into  subspe- 
cialism;  in  short.  chemifitr>' iw  swiftly  assuming  an  entirely  new  form. 

In  the  evolution  of  any  science  successes  and  disappointmenta 
are  almost  equally  influential;  the  former  stimulating,  the  latter 
tending  to  arrest  research.  The  fruitful  line  is  followed,  and  attracts 
workers;  the  barren  field  is  deserted  or  nearly  so.  Barrenness,  bow- 
ever,  may  be  due  not  to  lack  of  fertility,  but  to  premature  effort; 
and  the  truth  which  is  beyond  our  reach  to-day  may  drop  into  our 
hands  to-morrow.  Therrao-chemietry,  for  example,  has  bo  far  failed 
to  repay  the  labor  spent  upon,  it,  and  has  fallen  into  disfavor;  but 
the  future  may  tell  a  different  story.  Its  iinportajice  is  obvious, 
and  its  general  laws  cannot  elude  discovery  forever.  The  thermal 
changes  which  accompany  all  chemical  reactions  must  sometime  be 
Inteqircted. 

On  the  other  liand,  euccess  has  followed  the  physical  study  of 
solutions,  and  thereby  chemical  theory  hn^  been  enriched.  First, 
it  was  found  that  substances  in  solution  exerted  pressure  —  a  phe- 
nomenon attended  by  depresBion  of  the  melting-point  and  increased 
temperature  for  boiling.  This  pretwure  resembled  that  obserx'ed  In 
gases,  and  a  relation  between  the  two  was  apparent.  It  was  vao't 
Hnff's  privilege  to  trace  tlic  connection,  and  to  develop  a.  kinetic 
theorj'  of  Kolutions.  Avogadn>'»  law  was  completely  paralleled, 
and  equal  volumes  of  solutions  at  equal  osmotic  prcseurc«  were  shown 
to  contain  equal  numbers  of  molecules.  For  both  laws,  the  liquid 
and  Ihe  gHseous,  however,  there  were  certain  apparent  exceptions, 
which,  for  gases,  were  easily  explained  as  the  result  of  dissociation. 
Arrhenius  applied  this  explanation  to  the  exceptional  solutions, 
taking  into  eonaidrmtion  also  the  ionic  conceptions  developed  in  the 
study  of  electrolysis,  and  the  abnormalities  vanished.  A  salt  in  dilute 
solution  is  electrically  dissociated  into  its  ions,  which  remain  in 
equilibrium  although  sepnrnle.  From  these  generalizations  several 
important  consequences  followed.  First,  it  became  a  simple  matter 
to  determine  the  molecular  weights  of  soluble  substances  — a  class 
of  measurements  that  had  previously  been  possible  for  gases  alone. 
Secondly,  much  light  was  thrown  upon  the  subject  of  reactions 
between  dissolved  $alt«,  especially  such  as  involve  precipitation  or 
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double  decompoeitioD.  In  moet  cases,  aUhouKh  not  invariably,  the 
phenomena  are  ionio,  ami  the  moItHiuIes  are  Hist  broken  down.  In 
the  third  p]iice,  the  uniform  heat  of  neutralization  between  acids 
ftnd  bases  was  explained  by  showing  that  in  all  cases  it  represented 
one  and  trbe  same  change,  namely,  the  utiiuo  of  hydrogt^it  and  hy- 
droxyl  ions  to  form  water  —  a  concluaiua  which  gave  a  »igmficaut 
datum  to  tbermcMibemistry.  Id  brief,  many  distinct  lines  of  phyaico- 
chemical  research  converge  in  the  kinetic  theory  of  solutions  —  a 
theory  whose  developmeut  has  hardly  more  than  begun.  Like  most 
mioccasful  theories,  its  importance  may  at  fir^t  be  exaggerated;  we 
have  not  yet  the  pentpectivc  n-hich  shall  enable  us  to  judge  it  truly; 
in  all  probability,  it  is  but  one  phuse  of  some  larger  law;  but,  not- 
withstanding all  difficuttioH  and  all  objcctioub'.  it  ia  a  stride  forvi-ard, 
and  will  bring  us  to  new  truth. 

We  now  reach  a  point  where  it  is  difficult  to  dieentangle  the  many 
threads  of  investigation,  and  to  detennine  their  relations  to  one 
another  and  to  the  past.  Current  work  is  more  or  less  confusing,  for 
it  ia  too  near  our  eye^,  and  its  ultimate  significance  is  not  easily 
apprehended.  The  theory  of  solutions,  the  law  of  maas-action  enun- 
ciated by  Guldbcrg  and  Woage,  and  the  phase  rule  of  Willard  Gibbe 
interact  in  so  many  ways,  and  are  so  rapidly  developing,  that  I  for 
one  dare  not  attempt  to  predict  what  the  outcome  shall  be.  Chem- 
istiy  18  becoming  more  and  more  a  mathematical  science,  and  so  is 
gaining  in  precision;  but  mathematical  reasoning  leads  to  correct 
conclufiions  only  when  Ha  premises  are  secure.  The  data  must  be 
verified  and  reverified  before  we  can  certainly  determine  their  mean- 
ing, and  in  the  entbuaiaara  of  new  investigation  this  necessary  duty 
is  often  deferred.  The  pioneer  leaves  much  undone  behind  hijn,  and 
patient  laborena  are  needed  to  follow  in  his  lead.  The  first  glimpse 
of  truth  is  rarely  the  whole  truth,  for  that  is  best  gained  by  what 
we  may  call  the  method  of  successive  approximations. 

If  prophecy  is  difficult,  retrospection  is  easy;    we  may  therefore 
retrace  our  steps  and  see  what  road  we  have  followed.  Boyle,  Priest- 
ley, Soheele,  and  I^avoisier  prepared  the  way  for  tlalton,  and  his 
atomic  theory,  the  first  (juantitative  theory  of  its  kind,  has  been  for 
a  century  tlie  key  to  all  eheniiytry.    .>M1  of  the  great  advancea  in  our 
f  Qcience  have  liinged  directly  upcn  Ualton's  conception,  and  his  atomic 
'■weights,  aa  developed  by  Bcrzelius  and  Cannizzaro,  are  now  seen  to 
be  fundamental  constants,  with  who^e  aid  the  physical  relations  of 
different  stibetances  arc  easiest  interpreted.  The  periodic  law  is  based 
upon  theatomic weights, valence  is  an  atomic  function,in  stereochem- 
iatiy  we  have  a  hint  of  atomie  form,  isomerism  is  intelligible  only 
upon  the  assumption  of  variable  atomic  position,  and  the  stnicture 
of  a  molceulc  depends  upon  atomic  groupings.    The  ions  of  physical 
chemistry  and  the  molecules  of  tbcrmod\-naniica  are  cither  atoms 
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or  groups  of  atoms;  and,  in  short,  whichever  way  we  turn  in  physical' 
science  we  find  ourselves,  consciously  or  unconsciously,  thinking  in 
atomic  terms.  And  yet  we  are  sometimes  told  that  the  atomic  theory 
is  outworn,  and  that  some  other  conception  should  replace  it.  We 
may  well  ask,  tber«fore,  whether  atomism  has  any  haais  in  reality. 
In  it  the  truth  or  only  an  illusion  —  a  concrete  fact,  or  misinterpret- 
ation of  testimony? 

That  the  atomic  theory  has  rendered  great  service  to  chemistry, 
and  that  it  correlates  our  positive  data,  is  clear;  but  after  all  It  is 
hypothetical,  for  no  atom  has  been  isolated  and  seen.  The  molecuto 
and  the  atom  are  inferred  from  the  properties  of  matter  in  mass; 
and  if  we  need  a  theory  at  all,  there  is  none  other  at  hand.  The 
attempts  to  evade  it  are  agnostic  in  character,  and  are  based  upon 
the  tacit  assumption  that  it  is  unscientific  to  speculate  upon  ultimate 
questions,  which,  in  the  nature  of  things,  can  never  be  absolutely 
solved.  We  can  observe  and  classify  relations,  but  it  is  useless  to  ask 
what  they  mean.  The  phase  rule  has  been  suggested  as  a  basis  for 
our  clasnfication,  and  under  it  the  different  kinds  of  matter  become 
different  phases  of  something  which  we  may  or  may  not  be  able 
to  comprehend.  Perhaps  I  misrepresent  the  position  of  the  anti- 
fttomiste;  but  if  so  it  is  because  their  statements  are  to  my  mind  far 
from  clear.  If  we  object  to  the  atom,  we  must  object  to  the  ether,  for 
that  ia  equally  unknowable :  we  cannot  divoice  matter  and  motion, 
for  they  are  never  obser%-cd  apart;  in  short,  wc  mustrcconatruct  all 
physical  science  and  keep  within  the  limits  of  things  known.  But  is 
the  agnostic  position  sound?  Is  not  the  imagination  as  truly  an  instru- 
ment of  science  as  is  the  rea«on?  May  we  never  look  forward  and 
anticipate  what  ia  to  come,  shall  we  always  observe  and  experiment 
without  the  help  of  idealu?  To  do  so  we  must  assume  limitations 
where  no  limits  can  be  seen,  and  the  human  mind  refuses  to  work  ia 
that  way.  SpeculHtion  is  the  guide  of  science;  en  indi-^pcMable  assist- 
ant in  our  exploration  of  the  unknown;  a  good  servant,  but  the 
worst  of  masters.  Scientific  methods  differ  from  unscientific  methods 
partly  by  their  use  of  system,  and  partly  in  their  employment  (rf 
disciplined  as  against  unrcstruined  speculation. 

That  the  atomic  theory  has  been  a  useful  tool  no  one  can  deny; 
but  can  we,  in  the  light  of  present  knowledge,  imagine  a  univerw 
wiUumt  it?  We  see  that  matter  differs  in  its  properties  from  point 
to  point,  and  all  of  our  experiments  end  in  records  of  these  differences. 
But  ia  not  difference  a  proof  of  discontinuity?  How  could  a  plenum 
vary?  Even  thcetheritself,  that  mysterious  medium  which  Is  thought 
to  pervade  all  space,  is  now  believed  to  have  a  granular  structure* 
or,  in  other  words,  to  be  atomic .  Several  mathematicians  have  worked 
upon  this  phase  of  the  problem  with  curious  rosult-^;  but  their  con- 
elusions  lie  outside  of  mv  theme.  The  chemical  atom  alone  concerna 
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US  DOW,  regardless  oC  its  ulUm&tc  or  physical  DUturo,  which  muy  be 
exceedingly  complex.  The  conception  is  so  bound  up  with  all  modem 
cbemicul  ideas  that  we  cannot  ahandon  it  if  we  would,  9o  long  as 
nothing  better  is  offered  us  in  its  place. 

Tbe  cliemtat,  then,  may  leeitimat«ly  claim  that  m»iter,  as  we  Vnow 
it,  15  made  up  of  amall,  distinct  purtirle»,  which,  no  fur  as  they  have 
been  chemically  defined,  ore  of  few  kinds.  These  pu-tJcles  gather 
into  clusters,  throuf^h  some  form  of  (Lttraction  whose  nature  is  still 
unknouii,  and  in  which  differences  of  position  probdbly  represent 
differences  of  chemical  structure.  Allotropy  and  isomerism  are  thus 
explainaUe,  two  phenomena  that  are  perhaps  the  same,  and  for 
which  the  atomic  theory  alone  has  offered  any  reaeonabie  interpret- 
ation. But  this  is  not  all.  Certain  numerical  constants,  commonly 
known  as  the  atomic  weighte,  have  b«en  discovered,  one  for  each 
clement,  which  are  fundamentnl  for  all  quantitative  chemistry  and 
for  an  important  part  of  physics.  Thcsoconstantsarerenl;  tbeyrepre- 
sent  de5nite.  measurable  relations;  and  in  one  form  or  another  they 
will  remain  in  use,  apart  from  all  changes  in  theory.  Whether  they 
are  independent  of  one  another  is  yet  to  Ije  determined;  there  are 
iadicntions  tliat  they  may  be  connected  by  some  mathematical  law; 
sod  should  such  an  expression,  a  quantitative  periodicity,  be  di»- 
coTSied,  it  would  go  far  towards  enlightening  us  as  to  the  real  nature 
of  the  elements  themselves.  The  e.xact  detenuination  of  the  atomic 
weights  is  therefore  a  matter  of  supreme  importance  and  one  bearing 
directly  upon  the  profouuder  problems  of  cheuaistry.  If  the  atoms 
are  separable  into  electrons, the  massesof  the  latter  should  bear  some 
relation  to  the  atomic  weights  and  give  us  clues  to  their  mathematical 
interpretation.  Future  inveiitigutinns  along  this  line  are  certain  to 
be  made,  and  we  may  fairly  hope  that  they  will  prove  HUcceesful. 

Tbe  ninet«enth  century  is  often  called  the  age  of  steam,  and  its 
latter  half  the  age  of  electricity.  May  we  not,  with  equal  propriety, 
name  it  the  age  of  clieuiistry?  During  the  passage  of  its  years  chem- 
tstiy  has  developed  from  an  art  into  a  science,  with  a  clear  philo- 
sophy of  ila  own,  and  with  useful  applications  which  aBfect  all  other 
sciences  and  many  industries.  A  great  university  may  now  employ 
twenty  chemists  as  teachers  where  fifty  years  ago  there  was  barely 
work  for  one.  Training  in  chemical  research  has  Income  a  recognijscd 
feature  in  higher  education;  tbe  student  is  tauf^ht  to  think  and 
investigate;  the  production  of  new  knowledge  is  seen  Uy  be  a  distinct 
function  of  the  teacher.  Scholarship  is  now  rated  according  to  its 
fertility ;  and  the  man  who  merely  knows,  no  matter  how  thoroughly, 
the  work  of  his  forerunnem,  is  given  a  low  rank  in  the  thinking  world. 
In  ibe  industries,  chemical  thought  is  translated  into  action,  and  so 
becomes  doubly  creative,  yielding  at  the  aamc  time  new  knowledge 
and  material  wealth.    Govcmment«  maintain  public  laboratories;  it 
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may  bo  in  preparation  for  warfare,  for  sanitary  purposes,  na  aids  in 
the  enforeenient  of  revenue  laws,  or  for  their  own  protection  as  pur- 
chasers of  Kupplies;  and  so  the  usefulness  of  t^hemiMo'  '*i  felt  ulong 
innumerable  lineti.  The  science  udvunccs  with  ever-increusin;;  rapidity 
and  thefe  are  as  yet  no  signs  of  slsrkcning.  Whut  shall  the  future  be? 
We  can  distinguish  neceesitics  and  express  our  hopes,  even  if  vc  can- 
not prophesy.  An  ossay  of  this  kind  would  have  smfJI  value  if  it 
failed  to  offer  any  helpful  suggestions  for  the  work  that  is  to  be  done. 

In  the  realm  of  descriptive  chemislry  certain  work  is  obviously 
needed  and  is  therefore  likely  to  be  done.  Part  of  this,  and  the  leaet 
attractive  part,  is  rc\-iBionary  —  a  verification  of  the  older  data  with 
the  corroctioD  of  venerable  errors.  On  tlie  inorganic  Side  we  may 
predict  many  advances,  and  some  of  the  possible  lines  of  research 
we  have  already  considered,  in  order  to  complete  the  periodic  table 
the  rare  earths  must  be  cxhavistively  studied,  and  the  irregidaritieB 
shown  by  iodine  and  tellurium,  or  by  potassium  and  argon,  ought  to 
be  explained.  The  problems  of  chemical  structure  which  are  offered 
by  complex  bases  and  acids  and  by  double  salts  require  elucidation, 
and  here  phy&ico-chemicul  methods  arc  likely  to  be  most  applicable. 
The  correlatiuu  of  chemical  structure  with  crystalline  form  is  sure  to 
receive  much  attention;  but  what  direction  researches  of  this  kind 
may  take  is  not  easy  to  foresee. 

For  organic  cbemietry  I  am  hardly  quaU6ed  to  speak,  at  least  not 
with  regard  to  the  more  immediate  urgencies.  It  is  plain,  however, 
to  every  one  that  there  are  largv  and  important  groups  of  compounds 
which  await  constitutional  interpretation,  the  alkajoids  and  albumin- 
oids being  among  them.  Organo-metullic  bodies  also  deserve  a  good 
deal  of  attention,  for  in  them  the  two  department*  of  descriptive 
chemistry  meet,  and  each  one.  organic  or  inorganic,  can  be  made  to 
ehed  light  upon  the  other.  Finally,  the  relations  between  phymcal 
IVopertlea  and  chemical  compot^itioti  are  most  easily  investigated  upon 
the  oi^nic  side,  and  here  are  problems  enough  to  keep  men  busy  for 
a  good  part  of  the  present  century.  .All  the  prD]>erties  of  a  substance 
should  be  tiiilinul able  from  its  composition;  but  tlie  adequate  data  and 
the  conclusive  theory  are  far  beyond  our  reach.  We  have  a  few  begin- 
nings, nothing  more. 

In  physical  chemistry,  it  seems  to  me,  we  find  the  unifying  prin- 
ciples which  arc  to  bind  all  the  subdivisions  of  our  science  into  one. 
Some  of  the  problems  mentioned  under  the  heading  of  descriptive 
chemiKtry  are  almoKt  wholly  physical  in  their  nature;  only  they  are 
statical,  and  leave  dynamics  uutnuched.  They  deal  with  equilibria 
established  by  transformations  of  energy  —  a  statement  which  holds 
true  whcttier  wc  connect  it  wilh  the  atomic  theory  or  base  it  upon 
the  phase  rule.  The  Invvs  of  chcmicul  equilibrium  are  fundamental, 
beyond  question;  but  antecedent  to  their  application  there  was  an 
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interplay  of  active  forces  whose  Klatutea  are  more  general  still.  'VMiat 
is  ibc  nature  of  chemical  change,  and  what  laws  govern  ila  trans- 
fonnationii of  energy?  These,  to  my  mind. are  the  most  general  ques- 
tions of  dynatajuol  chemistry.  They  are  raised  by  every  reaction, 
and  they  involve  the  coasidcration  of  all  the  physical  forces.  The 
problems  of  thermo-chemifttry,  of  electro-chemistry,  of  optical  chem- 
istry, are  mere  special  cases  uriaDg  under  the  more  universal  gen- 
eral laws,  and  they  will  ceaise  to  exist  when  the  hitter  have  been 
discovered.  So  ideal  a  condition  may  never  be  reached,  but  we  can 
Approach  it. 

How,  now  let  mc  ask,  shall  the  work  of  the  future  be  done?  Hitherto 
indi\idual  initintive  has  been  the  chief  agency  in  effecting  progress, 
and  each  man  has  handled  bis  own  problems  in  bis  own  way.  Dy 
individual  geniuses  the  greatest  discoveries  are  made,  but  they  are 
tried  and  tcste<l  by  the  collective  Intelligence  of  many  laborers,  more 
humble,  perhaps,  but  also  more  patient  and  thorough.  The  genius 
is  fortunate,  but  science  has  use  for  plodders  aa  well,  who  furnish  the 
eommonplace  facts  that  arc  the  raw  ranterial  from  which  laws  and 
generalizations  are  developed.  The  great  thinker  needs  only  oppor- 
tunity and  encouragement;  the  rank  and  file  of  inve.sti gators,  it 
aeems  to  me,  require  something  more.  We  need  not  fear  that  personal 
effort  will  ceaae;  and  etlU  we  may  fairly  ask  whether  it  is  eulTicient 
for  the  tasks  which  are  now  waiting  to  be  done. 

One  result  of  indiindualism  in  scientific  research  is  evident.  Our 
knowledge  increases  irregularly,  unsyrometrically  —  with  one  phase 
over-developed  and  aiiuLher  neglected.  In  every  gmup  of  data  there 
are  gapa  to  be  filled,  aide  by  aide  with  tieedleMS  du plica lioius.  One  mau 
finishes  a  research  only  to  find  himself  anticipated  by  some  more 
fortunate  worker,  and  he  feels  that  his  labor  has  been  thrown  away. 
Competition  is  a  good  thing,  but  cooperation  is  better,  for  it  insurca 
ihfiteconomyof  effort  which  is  as  important  in  intellectual  affairs  as  it 
is  in  the  factory  or  in  cnmmerce.  Can  wp,  without  stifling  enthusiasm, 
without  hanning  the  individual,  encourage  the  organization  of  re- 
search, and  so  give  to  science  a  swifter  growth  and  a  more  perfect 
Bymmctry?  That  vague  but  potent  agency,  "  the  »pirit  of  the  time," 
has  taken  "organiiuitiun  "  fur  one  of  its  watchwords,  and  wc  cannot 
escape  from  ita  epcll.  Collectivism  and  indi\idualism,  however,  are 
not  nceessarily  antagonistic;  they  are  two  forces  acting  side  by  side, 
tnd  each  helping  the  other.  A  man  best  develops  himself  when  he 
Works  in  harmony  with  his  fellows. 

Chemical  societies  are  an  invention  of  the  nineteenth  century,  and 
they  st*nd  for  one  step  in  the  right  direction.  In  their  meetings, 
by  conference  and  discussion,  and  in  their  public atin ins,  by  making 
reaearch  effective,  they  have  done  much  to  encourage  investigation, 
and  to  avert,  in  Bomo  measure,  useless  duplications  of  effort.  Through 
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«oininittees,  tbey  sometimes  direct  the  growth  of  science,  not  by  tbo 
exercise  of  compulsion,  but  by  clarifying  work  that  has  been  doDG 
and  showing  where  work  is  needed.  An  extension  of  IhU  prooe^ 
miglit  easily  be  devised,  in  such  manner  that  a  de&nite  field  of  study 
should  be  divided  among  a  number  of  acbolars,  each  doing  hia  own 
sliare  and  earning  whatever  iodependeDt  credit  he  dee^erved.  In 
oatroDomy  we  already  have  an  example  to  fellow,  for  observatories 
have  divided  a  part  of  their  work  in  exactly  this  manner,  each  insti- 
tution mapping  a  zone  of  Btar%  assigned  to  it  by  mutual  agreement. 
Cooperative  research  upon  a  well-conaidenHl  plan  ought  to  be  possible 
among  chembts.  Some  overlapping,  some  duplication,  cannot  be 
avoided,  but  the  waste  can  at  leuj^t  be  diminished. 

There  is  one  other  step  which  needs  to  be  lakco,  and  one  which  I 
have  repeatedly  urged  on  other  occaaiona.  There  should  be  laborato- 
ries organized ,  equipped ,  and  manned  for  systematic  chemical  research 
upon  those  problems  which  are  too  large  for  individuaU  to  handle. 
The  exhttUHtive  detrrmi  nation  of  coniitantSr  for  example,  mu.Ht  pre- 
cede the  development  of  lawB,  and  few  chenmta  laboring  singly  care 
to  attempt  work  of  so  tedious  a  nature.  Each  one  often  feels  the  need 
of  data  which  do  not  exist,  wants  that  he  is  unable  pcrscnoUy  to 
supply,  and  such  a  laboratory  as  I  have  in  mind  could  render  invalu- 
able sorviee.  Astronomy  has  its  ob8er\'alorie8,  biology  is  provided 
with  experimental  statione,  physics  is  represented  by  institutions  like 
the  Reichsanstalt.  while  chemistry  is  almost  unaided.  Chemistry,  the 
creator  of  wealth,  receives  few  endowments,  and  those  which  have  M 
fallen  to  its  share  have  been  in  aid,  not  of  reBcaroh,  but  of  teaching.  ■ 
Great  things  have  been  and  will  yet  be  achieved  in  the  universities, 
but  their  laboratories  can  cover  no  more  than  a  small  portion  of  the 
field.  A  laboratory  for  research  would  not  compete  with  them;  it 
would,  on  the  other  hand,  reinforce  their  efforts.  When,  a  himdred 
years  tience,  the  progress  and  development  of  chcmistn.-  during  the 
twentieth  century  is  summed  up,  investigations  curried  on  under 
endowments  will  fill  a  conspicuous  portion  of  the  stage.  I  have  faith 
in  the  future;  I  believe  it  will  be  better  than  the  past;  and  to  my 
mind  the  grejit  advances  in  science  which  we  celebrate  are  only  a 
beginning. 
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INORGANIC    CHEMISTRY:     ITS    RELATIONS    WITH    THE 
OTHER    SCIENCES 


BT   HBNRl    U01SSA.M 
{Tmfulated  frtmi  the  Frtnch  fry  ProftMar  R.  S.  Woodworth,  Columtiia  f/ntrermfy) 

[Henri  HolMftO.  Pmlemtfr  of  Gener&l  Ownuttiy  at  TIk  Sorbounc,  UniTcnity  o( 
Par«,*iiw»l'JOO,  b.S*pt*mlxv2S,  1R52.  D.S,,  LL.D.,  UnivnuitiMof  PrinceUin, 
GUasow,  luii)  Oxfiinl.  I'nirciiKiir  :tl  ScJxiol  of  PliiinniKry  of  Paris,  1887-1900. 
MMuber  of  InsLitiitc  of  FraDci>;  Acndemy  of  Modicitm  of  Paris;  Ap&>d<^mlNi  of 
London.  B4?rlin,  Vii^nna.  St.  P«[«nibuo{.  WiwIiiuK''^".  BniWH-l!).  AwHtjjrdAin, 
Munich.  IJpJi murk,  Turin,  rle.,  etc.  Autlior  of  Tlie.  Rir-ftrie  IJvrn;  Fltumpar 
amf  Ua  Compontnl  Parts ;  Tjratiw  an  Mineral  Chcmiatnj.) 

CBEUiSTKr,  though  young  as  u  Hcience,  traces  its  first  appUca- 
tioos  back  to  the  y^ry  crudic  of  the  human  ruce.  As  soon  as  man 
ia  bis  struggle  with  nature  had  come  into  [)i>8ACKRion  of  his  individu- 
ality, his  obsicn'ing  intclliscncc  enabled  hini  to  take  cognizance 
of  some  of  the  phenomena  occurring  about  him,  and  to  engage  in 
ttie  study  of  tbem.  He  saw  the  importance  of  fire,  and  soon  recog- 
niied  that  certain  metallic  suljstances  cniild  take  the  place  of  flint 
in  tlie  manufacture  nf  weapons.  Thereupon  he  devoted  himself  to 
th«t  primitive  metallurg)-  of  cnpjwr,  of  which  we  still  find  ao  many 
examples,  more  or  leas  transformed,  in  the  earliest  fouadationa  of 
Babylon;  these  remain  as  witnesses,  not  dumb,  though  far  from 
explicit,  of  the  most  remote  of  our  civilizations. 

The  importance  of  metal  in  the  different  stages  of  human  develop* 
meuL  is  so  well  recognized  that  a  single  name  is  used  to  cover  all  the 
centuries  that  have  made  use  of  the  eame  metal. 

To  the  age  of  copper  succeeds  the  age  of  bronze.  At  the  eame  time 
gold,  being  found  in  the  native  state,  becomes  known,  and  Is  wrought 
with  the  banuner.  Iron,  since  its  preparation  is  much  more  difiicult, 
cannot  be  utiliKed  till  later. 

In  these  distant  times,  the  epoch  most  fertile  in  chemical  applica- 
tions wa^  that  of  the  Egyptian  civilization.  After  many  industrial 
experiments,  this  people  succeeded  in  dyeing  fabrics  with  purple,  in 
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vorkiri£  (Tie  rare  metale,  in  making  enamels  by  fusion,  in  producing 
&ad  faghioning  glass,  and  in  preparing  fermented  liquors. 

On  the  other  baud,  a  litUe  people,  whoae  pari  in  everything  was  to 
throw  the  most  brilliant  light  ou  it  without  inventing  new  applica- 
tions, sought  to  explain,  philosophtcalty,  these  transforniatious  of 
matter.  The  Greek  pbdlosophere  diacit^sed  this  subject  at  length. 
Dmpedoclea  reduced  tUl  the  bodies  that  nature  can  present  to  four 
elemeDta:  Gre,  air,  water,  and  earth.  For  him,  these  elements  were 
composed  of  &  multitude  of  minute  particles,  indivisible  and  insecable- 
Such  a  theory  leads  easily  to  the  atoms  of  Democritus.  Whether 
these  elements  were  considered  as  symbols  or  as  a  veritable  classi- 
fication of  matter,  the  idea  of  Empeducles,  adopted  by  Aristotle,  and 
taught  by  all  the  schools,  was  d^tined  to  maiataia  for  centuries 
the  position  of  a  doctrine  that  could  not  be  disputed. 

Later,  Epicurus  revives  the  theory  of  atoms,  and  Lucretius,  in  a 
poetic  divination,  can  write: 

Priocipio,  quoniam  t^rra  corpite,  et  humor 
Aummmcue  iev«s  iuiitna«^  calidiqu«  vftpoRV, 
E  quibiiK  hiwe  rerum  ^OTi«istrTi>  «umma  videtup, 
Omtiin  nntivo  nc  mortAli  cifponi  pciru^nt. 
Debet  eodem  omnu  muadi  natum  putari.* 

The  ides  of  the  four  elements  reappears  unchanged  among  the 
Arabian  chemists,  and  among  the  akhenitats  of  the  Middle  Ages; 
though  it  undergoes  various  transform iitions  at  the  hands  of  Paracel- 
sus who  recognized  five  elements:  Hpirit;  mercury;  phlegm  or  water; 
salt,  Kulphur,  or  oil;  und  earth,  —  and  later  at  the  hands  of  Beecher 
who  admits  the  existence  of  three  essences  in  earth,  —  vitrifiablc. 
inflammable,  and  mercurial  earth. 

The  theory  of  four  elements  reign.s  without  contest  up  to  the 
moment  when  Stahl,  profe-ssor  at  the  University  of  Halle,  develops 
his  important  conception  of  phlogiston.  For  Beecher,  combustible 
bodies  and  metals  contained  his  three  sorts  of  earth  combined. 
For  Stahl,  "inHammaljle  earth"  becomes  phlogiston.  Corhoa,  by  its 
combustion,  gives  beat  and  lijrht;  it  therefore  contains  phlogiston. 
When  a  calx,  that  is  to  say,  n  mctnllic  oxide,  is  hcnted  with  carbon, 
it  extracts  and  Sxcs  the  phlogiston,  and  becomes  a  metal.  Theae 
wereimportantconceptions,  because  they  made  it  possible  to  unite  in 
one  body  of  doctrine  the  phenomena  of  oxidation  and  of  reduction. 

Such  was  the  state  of  the  science  when  Lavoisier  followed  up  his 
memorable  experiments  by  developing  the  notion  of  simple  sub- 
stances. This  great  savaut  showed  that  the  same  body  could  change 
its  state,  and  lie  separated  clearly,  among  the  phenomena  of  chemistry , 
on  the  one  side  the  weight  of  the  reacting  bodies,  and  on  the  other 

'  "First, sinc^  <-ftrth,&n(l  water, and  the  light  breath  of  air, and  ([lowing  R««  — 
o(  which  our  world  seema  to  be  composed  —  nil  raosUt  of  matter  that  ia  BUbj«et 
to  liirtli  iind  to  dtuitli,  vn  taunt  think  that  the  whole  univpnw  U  nuuio  up  of  thii 
same  sort  of  matter. '^ 
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side  the  heat  set  free.  By  weighing  the  simple  BubBtances  that  were 
corabinec)  and  also  the  compound  produced,  he  definitely  eMtabliHhed 
the  weight  equation  of  the  chemical  rcHctlon.  By  measuring  with  the 
colorimeter  the  &mouutd  of  ItBut  Hut  free,  lie  (5epanttcd  ponderable 
matter  from  the  imponderable  aficnts.  All  tlicac  views  were,  in  addi- 
tion, logically  bound  up  n-ith  each  other,  and  it  would  have  been 
impossible  to  study  properly  the  phenomena  of  combustion  if  ho 
bad  Dot  been  forming  an  exact  idea  of  the  pafisngo  of  a  body  from 
the  solid  to  the  liquid  uud  gaseous  states. 

We  need  not  here  recall  his  memorable  exiieriment''  on  the  com- 
positjon  of  air  and  of  water,  on  the  increase  of  the  weight  of  metals 
daring  their  oxidation,  on  the  phenomena  of  combustion,  respiration, 
and  the  production  of  animal  heat,  and  on  fermentation,  or  finally 
bis  creation  of  the  nomenclature-    These  new  ideas  overthrew  the 
theory  of  phlogiston.  They  brought  light  into  the  midst  of  the  labori- 
ous researches  of  the  alchemists,  they  prepared  the  way  for  organic 
and   phyNftloKical  chemistry,   they  gave  rigor  and  exactitude  to 
therairal  reactions.     In  a  word,  they  established  chcmi»try  io  the 
position  of  a  science- 
Starting  from  this  epoch,  we  can  divide  into  three  great  periods 
the  numerous  researches  that  were  pursued  in  different  countries. 
In  the  first  period,  the  modern  idea  of  elements  takes  shape;    in  the 
second,  the  chemical  lawa  are  established;    and  in  the  third,  tho 
atomic  weights  of  the  elementH  are  determined. 

The  Qrst  period  includes  the  studies  of  a  great  number  of  investiga- 
tors, but  among  them  four  names  emerge  above  all  others,  —  Scheele, 
'Whose  chemical  genius  enriched  our  science;  Priestley;  a  mindatouce 
«rigiliftl  and  conservative;  Cavendish,  whose  analyses  have  never  been 
•urpaesed;    and  finally  Humphry  Davy,  who,  by  the  discovery  of 
the  metals  of  the  alkalies  and  alkaline  eartlis,  explained  the  compo- 
sition of  the  earths  and  won  definitive  acceptance  for  the  conception 
of  elements. 

The  second  period  presents  to  us  the  legislators  of  our  science. 
Wanxd,  following  up  the  work  of  Rouelle,  gives  precision  to  the 
knowledge  of  salts  and  of  double  decompositions.  Richter  pub- 
U^es  the  first  tables  of  neutralization  for  acids  and  bases.  Proust 
formulates  the  law  of  the  constancy  of  proportions  (1806) ;  and 
DoltoD.  at  the  same  time,  gives  a  complete  exposition  of  the  law  of 
multiple  proportions,  a  first  sketch  of  which  he  bud  presented,  in 
1803.  to  the  literary  and  scientific  society  of  Manchester.  As  we 
shall  see  further  on,  the  importance  «f  Daltnn'a  law  was  not  appre- 
ciated at  its  full  value  till  much  later.  Finally,  in  1808,  Gay  Lussoo 
indicated  the  laws,  so  simple,  of  the  combination  of  gases.  By  their 
promulgation,  Gay  Lusaiic  gave  to  the  concept  of  combination  a 
truly  mathematical  exactitude. 
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After  that,  the  study  of  the  weight  of  the  different  elements  which 
enter  iuto  combination  could  be  pursued  with  success,  especially 
when  Mitscheilich's  law  of  iaomorphisiu  (1819)  and  Duloog  and 
Petit'e  law  of  specific  heat  (1819)  became  known.  In  this  third  period, 
in  which  experimenta!  precision  was  carried  to  its  furthest  limits, 
alongsideof  the  researches  of  ViftorRegnault,  Faraday,  M&rignac,  and 
many  others,  the  most  important  worka  published  on  the  subject 
that  we  are  considering  are  those  of  BerzeHus.  Dumas,  and  Stas. 

The  magnificent  effort  of  Berseliud  provided  &  study,  as  complete 
as  possible,  of  most  of  our  simple  substances.  This  Line  of  experiment 
was  taken  up  with  the  greatest  care  by  Dumas,  who  fintt  determined 
the  composition,  by  weight,  of  water  and  of  air;  and  then  by  means 
of  simple  and  elegant  experiments  gave  us  a  certain  number  of  atomic 
weights,  among  them  that  of  [rarbun.  the  pivot  of  all  organic  chem- 
istry. Stas  next  took  up  the  study  of  these  qucstJons.  and,  d  pro- 
jm  of  William  Prout's  hypothesis  of  the  \mity  of  matter,  showed 
clearly  that  the  atomic  weights  are  not  nimplc  multiples  of  unity. 
Stas's  experiments  will  remain  in  our  science  as  models  of  precision. 

During  this  splendid  period,  which  requires  about  a  century,  the 
theories  by  which  wc  bind  together  the  innumerable  details  of  our 
science  had  time  to  change  more  than  once. 

We  have  already  seen  how  Lavoisier's  ideas  replaced  the  theory 
of  phlogiston.  Later,  Humphry  Davy,  after  hie  splendid  discoveries, 
assigned  a  predominating  r6le  to  electricity  and  created  the  (dcetro- 
chemical  theory,  which  was  adopted  and  modified  by  Borzclius. 
Then  came  the  investigations  of  vapor  density,  and,  after  prolonged 
iliscussions,  marf>*  chemists  abandoned  the  numbers  of  BerzeHus,  and 
followed  the  sn-called  notation  of  equivalents,  proposed  by  Wollas- 
ton  and  adopted  by  GmcUn,  Liebig,  and  Dumas,  ilut  soon  Gerbardt, 
considering  as  equivalents  the  quantities  of  hydrochloric  acid,  water, 
and  ammonia,  which  correspond  to  equal  volumes,  proposed  a  8y»- 
toni  of  atomic  weights,  which  won  as  adherents:  in  Frsnco,  Laurent, 
Wurtz,  Friedel;  in  England,  Williamson,  Frankland;  in  Germany, 
ilofmann,  Kekul6,  Baeyer;  in  Italy.  Cannizaro.  The  hypothesis  of 
Avogadro  and  Ampere  took  on  new  life,  and  u  idiarp  distinction 
tietween  atoms  and  molecules  made  possible  a  reconstitution  of  the 
atomic  theory  on  the  basis  of  the  ffreat  law  of  Dollon. 

Considerably  before  this  time  chemistry  was  divided  into  two 
great  chapters:  inorganic  and  organic. 

The  study  of  organic  chemistry  had  begun  with  the  investigations 
of  Lavoisier.  During  the  succeeding  century  and  more,  chemists 
tried  &rst  of  all  to  isolate  the  proximate  principles  of  vegetablea  and 
animals.  These  studies,  pursued  on  all  sides  with  var>-ing  succe^, 
endowed  chemistry  with  a  great  number  of  clearly  deGned  com- 
pounds, some  of  which  possessed  important  therapeutic  properties. 
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The  analysis  of  all  these  substancea  was  a  rather  delicate  task,  and, 
as  is  the  rule  in  the  sciences,  no  definitive  results  could  be  established 
until  the  nielliodu  of  unalysis  were  carried  [o  a  Buflit-ieiit  point  of 
exactness.  Only  after  this  preliminary  work  was  it  possibla  to 
clusify  these  innuinerable  compounds.  Various  theories  then  fol- 
loved,  till  at  last  synthcaia  came  to  complete  the  work  that  had  been 
begun.  We  recall  the  great  researches  of  Berthelot  on  this  subject: 
syutbesis  uf  the  proximate  principles  of  the  animal  fats,  of  the 
alcohols,  acids,  carbides  (ncetylene  in  particular),  camphor,  different 
essences.  The  vital  force  accepted  by  Berzelius.Liebig,  and  Gerhardt 
no  longer  existed.  Though  man's  power  was  limited  in  so  many 
things,  he  could  make  by  synthe»8  inert  organic  matter. 

Soon  appears  Kckul^'s  schema  giving  a  new  orientation  to  organic 
chemistry;  and  the  synthesis  of  the  most  complicated  compounds 
is  successfully  attempted.    Grai.-bc  and  Liebermaim  accomplish  the 
synthesis  of  alixarin;  and  later,  in  a  magnificent  study  of  indigo, 
Baeyer  it;  able  to  state  that  the  poKition  of  every  atom  in  the  mole- 
cule of  this  dye  has  been  experimentally  determined.     From  these 
researches  i^ue  tbc  dilterent  synthe%s  of  indigo.     Finally  Emi] 
Fischer  uchicvcs  Uic  syntheses  of  the  sugars  and  so  opcna  new  hori- 
zooa  to  biology. 

For  fifty  years,  the  chemistry  of  carbon  has  formed  a  separata 

chapter,  and   has  presented  a  marvelous  spectacle  in  its  develofv 

■nent  and  in  its  important  industrial  applications.    From  the  stand- 

jjoint  of  research,  organic  chemistry  —  the  fruitful  theories  of  which 

liave  been  slowly  trannformed  —  no  longer  finds  any  ilifliculty  in 

^termining  the  com[>neition  of  tlie  innumerable  derivatives  that  it 

vtudiea.  Inorganic  chemistry,  on  the  contrar)',  though  it  has  aroused 

so  many  efforts  to  establish  the  qualitative  and  quantitative  analyBis 

of  its  vnrious  compounds,  is  still  far  from  completion.    It  in  still  in  a 

stage  of  evolution,  in  spite  of  the  recent  work  of  Gooch,  Clarke,  and 

»  many  others.   The  reason  for  this  is  that  some  of  the  elemonta  are 

M  yet  very  incompletely  studied.  The  large  number  of  simple  bodies 

iaeluded  in  inorganic  chemistry  increases  the  difficulty. 

When  a  good  part  of  the  atomic  weights  had  been  cstftbliahed,  the 
amount  of  effort  that  had  to  be  devoted  to  organic  chemuttry  caused 
the  number  of  researches  in  inorganic  chemi.stry  to  decreii.se.  To-day, 
however,  when  the  main  lines  of  organic  chemistry  have  been  traced, 
and  when  in  place  of  the  \-irgin  foreBt,  aa  Hofman  called  it,  there 
appears  a  complete  city,  beautifully  laid  out,  the  study  of  inorganic 
chemistry  has  come  again  into  honor. 

However,  inorganic  chemistry  has  been  contmuing  its  discoveries 
in  tlie  mean  time.  A  certain  number  of  new,  and  for  the  most  part 
nn,  elements  have  been  isolated  in  the  last  thirty  years.  Lecoq  do 
Boiabaudran,  in  1875,  obtaine<l  from  Asturian  blende  a  new  and 
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curious  metal  melting  at  50°,  galliuin.  Winkler,  after  very  delicate' 
ftnalyfiis,  obtained  germanium  from  I'Teiberg  iirK>TodLtc.  Also,  ia< 
18S6,thc  ftuthor  of  this  lecture  succeeded  in  isolating  fluorin,  which,; 
though  hnving  a  fairly  wide  distribution  in  nature,  had  previously 
resisted  the  eSorts  of  Humphry  Davy,  Louyet,  the  Knox  brothers,, 
Fremy.  and  Gore. 

Within  the  last  few  years,  another  aeries  of  dlsnoverieH  lia»  aroused 
the  keen  interest  of  the  scientific  world.  Aa  the  result  of  delicattt 
experiments  for  determining  the  density  of  nitrogen  when  prepared 
by  chemical  reaction,  and  when  obtained  from  the  air,  Lord  Rayleigfa' 
declared  that  the  difTcrcnce,  which  afFocted  only  the  third  docimnl, 
of  his  figpjres,  was  to  be  attributed  to  the  existence  of  a  gnaeous  ele- 
ment heavier  than  nitrogen,  present  in  the  atmosphere.  Following  up 
this  physical  determination,  Lord  lloyleigh  and  t^ir  William  Itamaay 
isolated  argon;  and  Bir  William  Ilnmsay  obtained  the  satellites  of 
argon,  such  as  krypton,  xenon,  and  neon.  These  studios  led  him  alsO|, 
turning  his  attention  to  the  eurfaco  of  the  earth,  to  observe  and  study 
helium,  the  spectrum  of  which  had  been  simultaneously  discovered 
in  the  sun's  rsys  by  Sir  Norman  Loclvyer  and  by  Janajcn. 

These  are  splendid -results,  and  they  are  the  more  curious  ainc«l 
they  deal  with  a  series  of  gaseous  bodies  which,  because  of  their  chem- 
ical inertness,  are  a  great  embarrassment  to  the  scientist  and  the 
philuBopher. 

But  there  is  a  group  of  metals  which,  in  spite  of  tlie  continued 
efforts  of  chemiBlB,  has  never  yet  been  fully  studied.  I  refer  to  the- 
rare  earths,  div  id^d  into  the  twa  scries  of  cerium  and  y  ttrium. 

Inl751,CTonetodt discovered ceriteinamineatBaatuavs.  Id  1794,' 
Gadoliu  pointed  out  a  rare  earth,  yttria,  in  a  heavy  black  mineral 
which  was  found  abundantly  in  the  neighborhood  of  Ytterby,  and. 
which  vaa  afteru'urds  named  gadohnite.  Cerium  was  characterized 
as  an  element,  in  IS04,  by  Berxelius  and  Hisinger  in  Sweden,  and  bjT' 
Klaproth  in  Germany. 

This  first  work  was  followed  by  nuni«n)U8  rather  confused  investi- 
gations, until  Mosandcr,  in  1839  and  1H42,  separated  lanthanum  and' 
didymium  from  the  true  cerium.  The  study  of  cerium  and  its  com- 
pounds was  completed  by  the  masterly  researches  ot  Cleve,  and  by; 
Murignao,  Brauner,  WyroubofT,  and  Vemeuil.  i^till  later.  Brfosander'g 
didymium  was  separated  by  Auer  von  Welsbach  into  two  elements, 
praaeodyiuium  and  neodymium. 

Samarium  was  studied  by  Cleve,  Locoq  de  Bolsbaudron.  Dcmar<;ay« 
Brauner,  and  Bettendurf.  Whde  examining  the  action  of  aomariuma 
Demar^ny  proved  the  existence  of  a  new  clement,  europium. 

Terminating  his  work  on  cerium,  Mosander  at  once  took  up  the 
study  of  yttria  and  from  it  separated  erbja  and  terbia.  This  study  was 
continued  by  Cleve,  Marignac,  Crookes,  Delafontaine.  In  187d,  Cleve 
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made  it  certain  that  erbia  tras  a  mixture  of  several  eartha,  and  since 
(bat  epoch,  many  researches  have  followed  up  this  uubjcct.  Four 
elemente,  yttrium,  3'tterbiuni,  erbium,  and  Nilson's  scandium,  eeem 
proved  beyond  queetion.  The  splendid  work  of  CIuvc  has  shown  that 
there  are  yet  other  elements  belonging  to  this  group,  in  particular 
holmium.  From  the  yttria  group,  too,  Marignne  hus  isolated  an  earth 
vhich  has  been  named  by  Lecoq  de  Boisbaudran,  oxide  of  gadolin- 
ium. 

In  spite  of  the  continued  eETorta  of  the  Swedinh  school,  in  spite  of 
the  researches  of  so  many  autboritjea,  Berzelius,  Mosandcr,  CIcve, 
Kilson,  Crookes,  Marignac.  Lecoq  de  Boisbaudran,  Demar^ay,  Brau- 
Bcr,  Wyrouboflt,  and  Vemeuil,  this  grea.t  problem  of  the  rare  earths  is 
far  from  being  finished.  The  separation  of  these  different  oxides  re- 
mains one  of  the  most  difficult  operations  of  chemistry,  ami  yet.  when 
one  compares  elements  so  closely  akin  as  these,  one  feels  what  inters 
est  for  science  would  attach  to  a  complete  study  of  them. 
In  short,  inorganic  chemietr>' has  never  ceased  progressing;  and  it 
taken  advantage  of  all  the  discoveries  achieved  in  the  other 
sneneee. 

The  most  striking  example  of  this  ts  spectral  analysis.  We  may 
lecall  that  Wollastou  had  in  1S02  indicated  the  discontinuity  of  the 
Solar  spectrum.  Later,  in  1815,  Frauenhofer  studied  the  darkened 
fays  of  the  solar  rfldintlon,  and  the  luminous  rays  of  certain  spectra. 
Though  numerous  studies  of  tliis  subject  were  made  by  Brewster. 
Wheatslone,  Alter,  Angstrom,  Masson,  and  Pliicker,  it  was  not  till 
KirchhoPF's  great  discovery,  in  IstiCJ,  that  the  perfect  correspondence 
between  the  luminous  rays  of  different  specLra  and  the  black  por- 
tions of  the  solar  and  stellar  radiations  l»camc  known. 

Spectral  analysis  was  thereupon  infiugurated  by  Kirchhoff  and 
£unsen,  and  its  value  was  immediately  demonstrated  by  their  dis- 
covery of  the  new  elements,  rubidium  and  cssium.  Inorganic  chem- 
istry appropriated  the  new  method.  Sir  William  Crookes  indicalod 
the  existence  nf  thallium,  which  was  isnlated  siion  after  by  Lamy. 
Jleich  and  Richter  disc(}vered  indium.  Next  caiue  the  discovery  of 
gallium.  Finally,  in  the  hands  of  many  authorities,  Bunsen,  Thalfin. 
Clcvc,  Nilson.  Crookes,  Lecoq  d«  Boisbaudran,  Demar^jay,  Becquerel, 
Benedicks,  this  method  was  applied  to  that  difficult  problem  of  the 
rare  earth.<t. 

The  simple  phenomenon  of  rever.<ied  lines  was  to  extend  the  field 
of  analytical  chemistry  to  the  limits  of  tlie  furthest  visible  stars.  It 
■waa  destined  to  demonstrate  that  the  same  matter  was  distributed 
throughout  the  whole  universe.  In  fact,  Kirchhoff  detected  in  the 
here  of  the  sun  the  presence  of  sodium,  calcium,  and  barium : 
manganese,  iron,  chromium,  copper,  and  zinc  SubuequenUy, 
Angstrom  and  Thal^n  proved  the  existence  in  the  sun  of  hydrogen, 
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ma^eaium,  and  aJumiuixim.  Sir  Nonn&n  Lockyer,  in  bia  beautiful 
spectr&l  studies  on  the  analysis  of  the  iieaveuJy  bodies,  shon'ed  that 
the  sun  cootained  also  cadmium,  strontium,  cerium,  lead,  and  potas- 
sium. Higgins  followed  this  up  by  examining  the  spectra  of  stiira 
and  nebulfe,  in  which  he  met  with  the  same  elements.  Le  P.  Secohi 
showed  that  the  spectrum  of  comets  gave  the  rays  of  the  hydro- 
carbons. 

This  whole  great  question  was  reviewed  and  put  into  aliape  by  use  of 
new  methods,  by  Rowland,  professor  in  the  university  at  Baltimore. 
He  has  given  ua  the  most  important  results  that  we  possess  on  the 
compoRition  of  the  aun  as  determined  by  the  study  of  its  spectrum. 
He  has  diBtingmshBd  20,01)0  rays,  only  a  third  of  which  are  surely 
coincident  with  our  terrestrial  rays.  It  is  true,  however,  that  among 
the  coincidences  otrcur  the  most  powerfiJ  rays  of  ctementiiry  bodies. 
Kowluid  concludea  from  this  that  if  the  earth  were  ruJacd  to  the  tem- 
perature of  the  aun,  it  would  give  almost  the  same  spectrum. 

Inorganic  chemistry  has  further  utilized  spectral  analysis  for  the 
study  of  band  spectra,  which  serve  the  chemist  as  a  means  of  ana- 
lysts. 

Were  there  any  need  of  another  example  to  show  the  fusion  of  inor- 
ganic chemistry  and  phyaicf,  we  could  recall  the  m.any  applications 
of  electrolysis  which  are  utitiEed  by  chemists.  Scarcely  had  Volta 
published  hie  great  discover^'  of  the  electric  pile  when  Carlisle  and 
Nicholson  put  it  into  use  for  the  decomposition  of  water,  and  only 
a  few  years  Rftorwards  Humphry  Davy  prepared  by  this  process  the 
metals  of  the  alkalies  and  alkaline  earths.  These  metals  in  their  turn 
served  for  the  isolation  of  boron,  silicon,  magnesium,  and  aluminium. 

Since  that  time,  not  a  year  passes  without  calling  in  electrolysis  to 
enlarge  the  field  of  our  discoveries.  Many  metalloids  aud  metals  are 
obtained  to-day  by  this  means,  and  the  most  active  agent  in  inorganic 
chemistry,  fluorin,  could  be  isolated  by  no  other  method.  But  we 
ought  also  to  recall  that  the  study  of  electrochemiiitr^',  and  the  splen- 
did researches  of  Faraday  on  electric  conductivity,  completed  and 
extended  as  they  were  by  Kohlrausch,  have  started  chemistry  in  a 
new  direction  which  has  led  to  most  valuable  results.  So  true  is  this 
that  Lord  Rayleigh  could  aay,  at  the  Montreal  mcctitig  of  the  Biitish 
Association,  "It  Is  by  the  study  of  electrolysis  that  we  can  hope  to 
increase  our  knowledge  of  chemical  reactions  and  of  the  forces  that 
produce  them;  in  my  opinion,  the  next  advance  of  the  science  will  be 
by  that  road." 

This  penetration  of  physics  into  chemistry  became  more  complete 
as  the  result  of  the  masterly  studies  of  Henri  Salute  Claire  Deville 
on  diBflOciation.  By  systematically  examining  the  incomplete  de<om- 
poaltiona  of  a  certain  numlier  of  substances  and  by  showing  the  close 
connection  between  this  dissociation  and  evaporation,  Deville  broke 
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down  the  barriers  that  separated  phyacal  and  chemical  phenomena. 
explained  maoy  littla-understood  roActions,  and  showed  how  in- 
arse  reactions  were  produced  and  how  the  minerals  were  formed  in 
toetallic  veins. 

Henri  Debray  soon  demonstrated  the  value  of  Deville's  ideas  by  hiB 
elegant  ex.periments  on  the  decomposition  of  carbonate  of  lime  and 
of  hydrated  salts. 

This  matter  of  dissociation  had  also  certain  points  of  contact  with 
the  phenomena  of  equilibrium  of  which  mention  was  made  in  the  im- 
portant memoirs  of  Berthelot  and  P^an  de  Saint  Gills,  on  speeds  of 
L_etherification.    But  I  do  not  wish  to  enter  upon  the  history  of  this 
stion,  for  my  colleague  Mr.  van't  HoCT  will  speak  to  you  about  it  at 
Ibe  Congress  of  Physical  Chemistry,  much  better  than  I  could.  I  will 
only  say  that  at  all  times  the  two  sciences  of  physics  and  chemistry 
have  been  of  mutual  aid  and  support.    Victor  Reguault  heg&u  Lhia 
great  movement  of  physical  chemistry,  illumined  by  the  brilliant 
discoveries  of  I>cville,  enlarged  by  the  work  of  Joule,  and  continued 
with  such  success  by  Gibbs.  van  der  Waols,  van't  Hoff,  Arrheniua, 
and  Ostwald. 

Passing  to  a  different  order  of  ideas,  we  may  recall  the  splendid 
work  of  Pasteur  on  molecular  dyssymmetry,  from  which  started  the 
very  ori^nal  Inve« ligations  of  Le  Bel  and  van't  Hoff  on  the  iaomeriam 
of  subfliunce-t  possessing  rolatorj'  power. 

At  every  turn,  inorganic  chemistry  depends  on  the  data  of  physics. 
The  determination  of  phyBtca!  congtunt«  ia  un  everyday  performance 
in  our  laboratories,  and  often  is  the  only  Kuorantcc  of  the  purity  of 
our  prcpnmtions.  Indoubtful  cases,  when  it  becomes  difficult  to  estab- 
lish an  atomic  weight,  the  law  of  Uulrnig  and  Petit  gives  us  valuable 
information.  The  whole  of  thermo-chemi.stry,  indeed,  founded  with 
such  success  by  Berthelot  and  by  Thomson,  makes  use  only  of  the 
methods  of  calorimetry. 

There  is  another  branch  of  physics  which  is  colled  upon  to  render 
service  to  inorRanic  chemistry,  and  which  has  bad  a  great  dcvoiop- 
meat  in  the  last  few  years;  I  refer  to  the  easy  production  of  high  and 
low  temperatures. 

Metallurgy  and  ceramics  have  for  thousands  of  years  made  use, 
induBtrially,  of  high  temperatures  for  obtaining  metals,  glass,  and 
terra-cotta.  These  high  temperaturea  were  secured  by  the  combus- 
tion of  wood  or  coal.  Later,  savants  concentrated  the  solar  heat  by 
means  of  mirrors  or  burning-glasses  for  ncconiplighing  some  interest- 
ing experiments.  Two  centxiriea  ago,  the  importance  of  the  action 
of  heat  in  the  different  reactions  was  so  well  appreciated  that  it  served 
as  the  basis  for  Stahl's  theory  of  phlogiston.  And  when  chemistry 
eetablisbed  itself  as  a  science,  the  ideas  of  Lavoisier  on  combustion 
were  the  starting-point  of  this  profound  transformation. 
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The  employment  of  the  oxyhydrogen  blowpipe  ennbled  Robert 
Hare,  professor  in  Philadelphia,  to  obtain,  in  1802,  temperatures 
higher  than  those  of  the  most  powerful  industrial  furnaces,  and  to 
carry  out  on  a  small  scale  several  very  curious  experiments,  euch  as 
the  fusion  of  platinum  and  the  volatilisation  of  silica.  You  know 
how  happily  Deville  and  Debray  later  applied  the  oxyhydrogen  jet 
for  studying  the  metallurgy  of  the  platinum  group.  The  question 
of  the  heating  of  ordinary  furnaces  was  after  long  discussion  an- 
swered both  practically  and  theoretically  by  the 'work  of  Ebeluicn 
and  the  important  researches  of  Siemens. 

Each  of  these  advances  was  followed  by  a  set  of  chemical  discov- 
eries  cooaisting  either  in  the  more  profound  study  of  certain  reactions 
or  in  the  appearance  of  new  compounds  wlilcli  enriched  first  science, 
and  finally  industry-. 

But  the  oxyhydrogen  jet  does  not  permit  the  attainment  of  a 
higher  temperature  than  1800°.  The  melting-point  of  platinum, 
as  determined  by  M.  Viollc,  is  1775*.  It  would  be  useful  to  study 
our  chemical  reactions  above  that  temperature. 

When  we  wished  l^o  reproduce  the  diamond,  we  soon  saw  that  our 
study  muHt  be  extended  to  include  the  various  forms  of  carbon.  So 
generalized,  the  question  included  the  interesting  topic  of  the  solu- 
bility of  carbon  in  melted  metals.  Now,  as  some  of  the  metuts  had 
very  high  meiting-puintB,  wc  tried  experiments  with  the  ud  of  the 
oxyhydrogen  blowpipe.  Under  tfieiw  condition!),  the  fusion  of  the 
metal,  in  presence  of  an  excess  of  carbon,  occurred  in  an  atmosphere 
rich  in  watery  vapor,  and  therefore  oxidizing.  On  the  other  hand,  the 
combustion  of  the  cool^  and  the  vapor  of  carbon,  furnished  a  reduo* 
ing  medium.  The  consequence  wrb  that  tmlesa  a  constant  teraipenii- 
ture  was  maintaiined,  it  was  impossible  to  get  a  definite  equilibrium 
between  these  opposite  reactions.  Besides,  in  these  conditions  com- 
plete reactions  could  not  be  obtained,  and  the  results  were  variable 
from  one  experiment  to  another. 

Already  different  investigators,  among  both  scientific  and  indua- 
trial  workers,  had  tried  to  utiliEe  the  high  temperature  of  the  electric 
arc,  discovered  acenturyago  by  Humphry  Davy.  But  these  attempts 
could  not  be  successful  tintil  the  perfection  of  the  dynamo-electrio 
machine.  Gramme's  discovery  and  the  gradual  improvement  of 
the  dynamo  finally  placed  in  the  hands  of  chemists  a  powerful 
source  of  eleetric  current  which  was  eaaly  transformed  into  heat. 

By  a  curious  coincidence,  our  science  has  been  able,  within  a  few 
years,  to  thrust  bai-k  the  known  frontiers  of  both  heat  and  cold. 
After  the  important  experiments  of  M.  Cailletet,  which  served  as  the 
starting-point  of  thei>e  new  ?itudies,  and  after  the  original  investiga- 
tions of  Rftoul  Pictet,  OlsKewski  and  Wroblewski,  Sir  James  Dewar 
was  able  to  obtain  liquid  hydrogen  in  the  static  condition,  and  by 
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'^raporizing  this  to  rench  the  lon-cs't  t«mpcrattireyct  &ttained,  that  of 
^he  solidificntion  of  hydrogen,  — 252.5°, or  20.5*  above  nbsoluto  zero. 
TThus  the  usiible  scale  of  temperature  has  been  considerably  lengthened. 
Leas  fortunate  than  Sir  James  Bewar,  we  have  not  succeeded,  in 
n  long  eerietf  of  experiments  mode  by  use  of  the  electric  fumiice,  in 
4let«miinin^  exactly  the  extreme  limit  of  temperature  reached.    As 
"the  outcome  of  some  delicate  experimenta,  M.  Violle  has  assigned  as 
the  boiling-point  of  carbon  the  temporaturo  of  3600".    But  as  we  shall 
prove  further  on,  the  tempernturo  of  the  arc  incrensee  with  the  in- 
tensity of  the  current,  and  the  measurement  of  these  high  tempera- 
UiKB  requires  further  investigation.    In  order  t«  fix  the  conditions 
of  our  experiments,  we  carefully  stated  the  voltage  and  amperage  of 
the  current  stud  the  duration  of  each  experiment.    The  diameter 
of  the  electrodes  and  the  capacity  of  the  furnace  had  been  deter- 
mined beforehand,  and  remained  constant. 

At  the  very  start,  we  found  that  at  the  temperature  of  our  electric 
furnace,  the  metallic  oxides,  hitherto  regarded  as  irreducible,  were 
«aaly  decomposed.    Also  reactions  which  were  only  partial  at  the 
highest  temperatures  of  ordinar>'  furnaces  became  total  here.  A  targe 
number  of  compound  uubst&nces  were  dissociated  at  these  high 
temperatiirea,  and  on  the  other  hand,  new  scries  of  eoratwiations, 
definite  and  cryBtallixed,  were  obtained.   We  thus  prepared  unknown 
compounds  of  great  Btability,  such  as  the  carbides,  borides,  and  sili- 
cidea.    Most  of  these  new  binary  compounds  can  also  be  partly  or 
Wholly  broken  up  by  still  further  increasing  the  intensity  of  the 
current  and  with  it  the  temperature- 
Some  of  the»e  carbides  will  fumieh  us  a  very  deRnite  scale  of  dis- 
Bociatoon.     We  also  meet  here,  in  the  neighborhood  of  3000^,  the 
Same  genexal  laws  which  govern  the  decomposition  of  substances 
by  heut  lit  lower  tcmi>eniture3.    Moreover,  the  boiling  of  a  mixture 
of  copper  and  lead,  of  tin  and  lead,  or  of  copper  and  tin,  presents  tlio 
Qame  peculiorities  between  2000°  and  3000°  as  does  a  mixture  of 
^ater  nod  ether,  of  water  and  alcohol,  or  of  water  and  formic  acid ,  at 
rnuch  tower  temperatures.    The  laws  of  the  fraetinnal  distillation  of 
t-wo  liquiilK  apply  therefore  to  the  boiling  of  metals  at  very  high 
temperatures. 

Id  using  our  electric  furnace,  we  operate  in  a  reducing  atmosphere) 
and  if  a  strong  enough  current  is  employed  we  get  very  quickly  a 
coastAnt  temperature,  which  is  the  boiling-point  of  quicklime.  If, 
on  the  eontjary,  the  substance  to  be  studied  is  put  very  dose  to  the 
nrc,  that  is  to  say,  ver^'  close  to  the  gaseous  conductor  composed  of 
carbon  vapor  which  unites  the  electrodes,  the  temperature  risca 
with  the  intensity  of  the  current.  A  chemical  reaction  proves  this. 
With  a  current  of  100  amperes  and  50  volts,  tlie  reduction  of  titanic 
acid  by  the  carbon  ^vee  an  oxide  of  (U  indigo  blue  color.    With 
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500  amperes  and  70  volta,  ft  fused  mass  of  yellow  nitride  is  obtained; 
while  the  high  teni|3erature  of  an  aro  of  1200  amperes  and  70  volt«i 
givett  a  curbide  of  tiluuiuni  free  from  nitrogt>n.  With  ko  iat«ntic  a 
current  as  this  last  tbe  nitride  of  titanium  can  no  longer  be  fonne<l; 
its  dissut'ifitton  by  heat  is  complete  and  only  the  carbide  can  remsia. 

Jii  pursuing!  lliis  study,  we  have  found  still  other  oxamplea  of 
combiaatioa  and  then  de<:omposition  under  the  action  of  an  electric 
arc  of  greater  snd  greater  intensoty. 

Organic  chetnistri^'  <!omes  into  contact  with  biology;    whcoee  itiK 
greatness  and  also  itJi  diflieulties.  M 

Biological  chemiKlry  tould  not  be  developed  till  after  a  systematic 
study  of  the  chemistry  of  carbon  had  been  made.    For  a  century  it: 
was  thought  that  physiological  chemistry  needed  in  its  manifold 
transformations  only  the  four  elements,  carbon,  hydrogen,  nitrogen, 
and  oxygen.  But  in  repent  years  our  ideas  nn  this  point  have  changed 
considerably.    It  has  long  been  known  that  iron  was  indispensable  in ' 
both  the  animal  JUid  vegetable  kingdoms.  Further,  Raulin  had  proved 
by  florae  curious  experiments  the  important  influence  of  traces  of 
foreign  metals  on  the  culture  of  aapergiilus  niger.  These  cxperimenta! 
hod  been  forgotten;  they  cam©  too  early. 

But  to-dsy  discoveries  relating  to  this  point  appear  in  constantly 
greater  numbers.  For  example,  the  fine  work  of  Frederick  and  of 
Henze  has  shown  that  copper  is  a  constituent  of  hemocysnin  in  tbe 
blood  of  cuttlefishes  nnd  cnistacea.  We  know  now  that  iodin  and 
bromin  shoxild  be  found  in  the  thyroid  gland;  these  elements  are 
seen  to  be  indispensable  to  the  regular  course  of  normal  life.  The 
existence  of  arsenic  in  animal  tissues  was  a  thing  unheard  of  a  few 
years  ago.  Proft-Bnor  ^Vrmand  Gauiier  hss  now  established  by  very 
delicate  experiments  that  arsenic  is  always  present  in  the  homy 
tissues  and  in  the  thyroid  gland;  and  M.  Gabriel  Bertrand  has 
demonstrated  the  normal  existence  of  ai'senic  in  the  living  cells  of 
lishcfi  taken  from  the  sea-bottom  at  a  depth  of  3UUU  meters. 

In  the  same  way,  a  trace  of  another  element,  such  as  manganese, 
may  intervene  in  the  form  of  a  soluble  ferment,  in  the  oxyda»!es.  One 
understands  ilien  tbe  Importance  of  the  different  elements  and  sees 
that  sometimes,  in  traces,  they  may  play  a  physiological  r61e  of 
capita!  jiiiportanoe.  We  have  long  known  that  sulphur  forms  part 
of  the  proteid  molecule,  although  we  are  still  quite  ignorant  of  the- 
transformations  which  bring  this  element  into  complex  compounds.   < 

It  is  quite  evident  that  on  this  point  great  discoveries  still  await 
their  realiaation.  We  are  only  beginning  to-day  the  study  of  tbe  dif- 
ferent elementA  in  their  combinations  with  carbon,  from  tbe  physio- 
logical point  of  view;  it  may  be  said  tliat  the  physioiogj-  of  the  cell 
remains  wholly  to  be  made.  Wc  arc  happy  to  k:iow  that  a  start  in 
this  direction  is  being  made  by  means  of  microchcmical  reactions. 
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Biology  therefore  uailes  again  inorganic  and  organli)  chemistry. 
The  truth  ie,  there  is  but  one  (themical  ecienoe;  every  sefHiration  is 
artificial.  Just  as  cner^  is  one,  chemistry  is  one.  The  splendid 
rUB&rchea  uf  Curtiiu  on  nitrohydric  acid,  aud  our  own  investiga- 
tions of  the  DictaJlic  carbides  and  of  the  liydridua,  of  the  alkalies 
and  alkaline  earths,  show  how  the  two  chemiatrice  constantly  inter- 
penetmte,  and  demon«trate  the  unity  of  the  nrience. 

It  IB  tnie,  however,  that  inorganic  phemistry  has  a  t^^ehnique  nf 
iU  own.  To  make  discoveries  there,  the  precimon  of  physics  must 
be  applied.    A  few  f^xuinpics  will  make  ray  thought  clearer. 

Lavoisier  only  overthrew  the  theory  of  Stalil  as  the  n;sull  of  rigor- 
ous expcrimcats  prepared  with  the  greatest  care  and  exactitude. 
We  may  refer  in  this  connection  to  his  experiments  on  combustion, 
on  respiration,  and  on  fermentation. 

Carendi&h,  when  studying  the  action  of  the  electric  spark  on  a 
mixtuFe  of  oxygen  and  nitrogen,  pushed  tlio  experiment  till  there 
remained  but  a  very  small  quantity  of  gas  incapable  of  uniting  with 
oxygcD.  He  mentions  its  existence.  Since  hJs  time,  over  a  century 
Bgo,  in  how  many  univeraities,  lycoa,  and  gymnasia  has  this  expeii- 
it  of  Cavendish  been  repeiitcil?  And  yet  no  one,  during  the  cen- 
r,  completed  the  experiment.  It  was  always  begun,  but  never 
finiabed.  Any  one  who  had  carried  it  on  patiently  till  the  nitrogen 
L.'was  entirely  absorberl  would  have  discovered  argnn.  It  wa.<)  needful 
that  Lord  Rayleigh  should  determine  the  den-sitiea  of  the  gaa,  vouch- 
ing for  the  third  decimal  place,  in  order  that  the  discovery  should 
"he  realized.  The  method  is  elegant,  but  the  path  of  discovery  is 
Tatber  cireuttuus. 

Shall  1  cite  you  another  example?  When  Gay  Lussac,  in  iSlS, 
dlBCovered  cyanogen,  that  first  example  of  a  compound  playing  tbe 
part  of  an  element,  that  first  radical  formed  of  nitrogen  and  carbon, 
lie  prepared  it  by  moderately  beating  pure,  dry  cyanide  of  mercury. 
The  cyanide  in  these  conditions  split  into  cyanogen  gas  and  mercury. 
The  experiment  ia  of  the  simplest.  Only  a  few  years  before,  Proust 
alao  had  heated  cyanide  of  mercury  in  a  retort.  He  had  obtained 
unmonia.  an  apparently  oily  compound,  nitrogen,  carbon  dioxide  and 
oumoxide.  The  reason  was  that  Proust  used  damp  cyanide.  This 
difference  in  manner  of  conducting  the  same  experiment  between 
two  men  of  the  ability  of  day  Lussac  and  Proust  seemed  to  me  very 
interesting. 

To  return  to  Gay  Lussac's  preparation  of  cyanogen.  He  had  left 
In  the  bottom  of  his  retort  a  small  quantity  of  a  black  powder.  After 
establishing  the  formula  of  cyanogen,  the  existence  of  hydrocyanic 
acid  and  of  the  cyanides  and  cyanates,  he  made  an  analysis  of  this 
powder.  It  had  exactly  the  same  composition  as  cyanogen.  Gay 
Ltunc  notes  this  fact,  but  he  takes  care  not  to  go  farther,  and 
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Rhemistry  had  to  wait  till  the  reaearohes  of  Trooal  and  HauLefeuille, 
published  in  lS73,  before  knowing  the  laws  of  the  tranfiformatioa  of 
cyiknogcn  into  its  pulymcre  paracyanogcn. 

I  might  furthor  cite  for  you  on  this  point  Humphry  Davy's  method 
of  work;  I  might  recall  to  your  minds  the  fact  that  Wohler  was  a 
master  of  chemical  analysis,  and  outline  for  you  the  excellent  studies 
of  Benelius  or  of  Stus.  If  I  huve'lingered  on  this  t^pic,  it  is  because 
1  regard  it  as  most  important.  Many  great  investigations  remain  U> 
be  made  in  inorganic  chemiatn,',  but  to  get  them  done,  the  methods 
must  be  refined  and  attain  great  precision.  In  a  word,  experimental 
research  in  cheuuBtry  should  have  the  rigor  of  physical  experiments. 

But  to  return  to  the  relatioaa  of  chemistry  with  tlie  other  sciences. 
We  have  already  spoken  of  physics  and  biolog}'.  I  do  not  wish  to 
enlarge  beyond  meiiHure  on  thi»i  point.  I  will  remind  you  that  astro- 
nomy, thanks  to  spectrum  analysis,  the  joint  product  of  physics  and 
chemintry,  ha^  been  able  to  extend  and  develop  certain  of  Its  theories 
to  include  the  remotest  star  visible  in  our  horizon.  Horeovor,  the 
spectroscopic  method  of  Doppler  and  Fizeau  has  been  of  great  Berr- 
ic«  in  determining  the  speed  of  the  heavenly  bodies. 

Oiu"  chemistrj'  also  eomes  into  contact  with  mathematics  at  two 
important  point-i.  It  comes  into  contact  with  statics  in  stereochem- 
istry and  the  special  grouping  of  atoms,  in  questions  of  symmetry 
and  in  combinational  analysis  which  studies  the  combinations  of 
objects  associated  in  different  conditions.  It  comes  into  contact 
with  mathematics  also  on  the  dynamic  ade,  in  that  it  involve*  the 
principles  of  molecular  mechanics  in  connection  with  the  conservation 
of  energy  and  the  mechanical  theory  of  heat. 

Chemical  analysis  is  one  of  the  foundations  of  mineralogy.  It  is  of 
the  greatest  service  to  geology,  which  could  not  do  without  it.  The 
majority  of  the  acieuces  have  need  of  ita  assistance,  and  even  the 
historian  comes  to  it  to  inquire  the  age  of  the  successive  foundations 
of  the  niins  of  Babylon,  bringing  to  it  the  bronze  or  copper  objects 
which  the  latest  excavations  have  put  into  his  hands. 

When  it  comes  to  industrial  applications  of  the  various  sciences, 
very  few  of  them  are  not  in  debt  to  chemistry.  The  engineer  has  con- 
stant need  of  it.  Studies  of  the  metals  and  their  alloys  have  given 
oil  their  efficiency  to  machines,  ships,  and  firearms.  Two  chapters, 
however,  in  the  applications  of  science  will  depend  absolutely  on  the 
ppogress  of  chemistry;  we  refer  to  the  chemical  industr>'  and  to 
rural  economy,  —  bo  important  that  they  change  the  destinies  of 
nations,  mingle  the  stocks  of  peoples,  and  modify  the  conditions  of 
their  existence. 

It  is  not  our  part  to  enlarge  upon  this  side  of  tlie  question;  it  is 
enough  to  have  mentioned  it,  and  to  recall,  in  closing,  the  %'ast  sum 
of  effort  which  these  researches  have  demanded,    la  the  midst  of 
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tliese  ioceBsant  transformations,  this  continued  progress,  we  see 
tttat  scientific  research  has  never  had  but  one  method:  experiment. 
Faraday's  dictum  is  always  true:  "Chemistry  is  essentially  an  ex- 
perimental science." 
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To  diBcusa  the  "present  problems  of  inorganic  chemistry"  is  by  no 
means  on  easy  task.  The  expressiou  might  be  takeii  to  mean  an 
account  of  what  is  b«iQg  actually  done  at  present  by  those  engaged 
in  inorganic  research;  or  it  might  be  taken  to  relate  to  what  nee<ls 
doing  —  to  the  direction  in  which  research  is  required-  To  summarize 
what  in  being  done  in  an  int*?lligible  manner  in  the  time  at  my  disposal 
would  be  an  ulraost  impossible  task;  hence  1  will  choose  the  latter 
interpretation  of  the  title  of  my  addre&s-  Now,  a  considcraWe  expe- 
rienco  in  attempting  to  uqvoU  the  &ccret-8  of  nature  has  convinced 
me  that  a  deliberate  effort  to  discover  some  new  law  or  faet  seldom 
succeeds.  The  inveatigator  generally  begins  unmethodically,  by  ran- 
dom and  chance  experiments;  or  perhaps  he  is  guided  by  some  indi- 
cation which  has  struck  his  attention  during  some  previous  research; 
and  he  is  often  the  plaything  of  circumstunces  in  his  choice.  Expe- 
rience leads  him  to  cho«8«  problems  which  most  readily  admit  of 
solution,  or  which  appear  likely  to  lead  to  the  most  interesting  re- 
sults. If  I  may  be  excused  the  egotism  of  referring  to  my  own  work, 
I  may  illustrate  what  I  mean  by  relating  the  following  curious  coin- 
cidence: After  Lord  Rayleigh  had  announced  his  discovery  that 
"atmospheric  nitrogen"  was  denser  than  "chemical  nitrogen,"  I 
referred  to  Cavendish's  celebrated  paper  on  the  combination  of  the 
nitroRen  and  the  oxygen  of  the  air  by  means  of  electric  sparks. 
Fortified  by  what  1  read,  and  by  the  knowledge  gained  during  the 
performance  of  lecture-experiments  that  red-hot  magnesium  is  a 
good  and  fairly  rapid  absorbent  of  nitrogen,  it  was  not  long  before 
a  considerable  quantity  of  nearly  pure  argon  had  been  separated 
from  atmospheric  nitrogen.  Now  it  happens  that  I  poasesa  two 
copies  of  Cavendiah's  works;  and  some  months  afterwards  I  con- 
sulted the  other  copy  and  found  penciled  on  the  margin  the  words 
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'*  'look  i&to  this."   I  remembered  the  circumstance  vhieh  led  to  the 
sutQOtatiou.  About  ten  years  before,  ouc  of  my  students  Iind  investi- 
gated the  direct  combination  of  nitrogen  and  hydrogen,  and  I  had 
sead  Cavendish's  memoir  on  that  occaaon.    I  mention  this  fact  to 
show  that,  for  some  reason  which  I  Forget,  a  line  of  work  was  not 
followed  up,  which  would  have  been  attended  by  most  interesting 
results;   one  does  not  always  follow  the  ctue  which  yields  results 
of  the  greatest  interest.    I  regard  it  therefore  as  an  impossible  task 
to  indicate  the  lines  on  which  research  should  be  carried  out.    All 
that  I  can  du  is  to  call  attention  to  certain  problems  awaiting  sdution ; 
but  their  relative  importauce  roust  necessarily  be  a  matter  of  personal 
bias,  and  others  might  with  perhaps  greater  right  suggest  wholly 
different  problems. 

The  fundamental  task  of  inorganic  chemistry  is  still  connected 
Tith  the  classification  of  elements  and  cumpouiids.  The  tnveetiguUon 
of  the  classification  of  carbon  compounds  forms  the  Geld  of  organic 
ihemistry ;  while  general  or  physical  chemistry  deals  with  the  laws 
foT reaction,  and  the  influence  of  various  forms  of  energy  in  furthering 
or  hindering  chemical  change.   And  claasificfition  centres  at  present 
in  the  periodic  arrangement  of  the  elements,  according  to  the  order 
of  their  atomic  weights.   Whatever  changes  in  our  views  may  be  con- 
c«aled  in  the  lap  of  the  future,  this  great  generalization,  due  to  New- 
lands,  Lothar  Meyer,  and  Mendel^eff,  will  always  retiun  a  place, 
perhaps  the  prominent  place,  in  chemical  science. 

Now  it  is  certain  that  no  attempt  to  reduce  the  irregular  regu- 
larity of  the  atomic  weights  to  a  mathematical  expression  has  buc- 
ceeded;  and  it  is,  in  my  opinion,  verj-  unlikely  that  any  such  expres- 
sion, of  not  insuperable  complexity,  and  having  a  basis  of  physical 
meaning,  will  ever  be  found.    I  have  already,  in  an  address  to  the 
German  Association  at  Cassel,  given  an  outline  of  the  grand  problem 
which  awaits  solution.  It  can  be  shortly  stated  then :  While  the  fac- 
tora  of  kinetic  and  of  gravitational  energy,  velocity,  and  momentum, 
on  the  one  hand,  and  force  and  distance,  on  the  other,  are  simply 
inlAtttd  to  each  other,  the  capacity  factors  of  other  forms  of  energy  ; 
—  surface,  in  the  case  of  surface-energy;   volume,  in  the  case  of 
volume^nergy ;    entropy  for  heat;   electric  capacity  when  electric 
charges  are  being  conveyed  by  means  of  ions;  atomic  w^ght,  when 
chemioa]  energy  is  being  gained  or  lost; — all  these  are  simply  con- 
necteil  with  the  fundamental  chemical  capacity,  atomic  weight,  or 
mass.  The  periodic  arrangement  is  an  attempt  to  bring  the  two  sets 
of  capacity  factors  into  a  simple  relation  to  each  other;  and  while  the 
attempt  is  in  so  far  a  success,  inasmuch  as  it  is  evident  that  some 
law  is  indicated,  the  divergences  are  such  as  to  show  that  finality 
has  not  been  attained.  The  central  problem  in  inorganic  chemistry  is 
to  answer  the  question,  why  this  incomplete  concordance?  Having 
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stated  the  general  questtoo,  it  may  conduce  to  clcaniees  if  some 
details  are  givca, 

(1)  The  variation  of  uiolooular  aiirface-encrgj-  with  temperature  i« 
such  that  tho  tturface-encrgy,  for  equal  numbers  of  molecules  distrib- 
uted over  &  KurfHcc,  is  equal  for  equal  intervald  of  temjierature  below 
the  temperature  at  which  surface-energy  is  zero  —  tli&t  is,  the  critical 
point.  This  gives  a  means  of  determining  the  molecular  weights  of 
liquidjs,  and  wo  assume  that  the  molecular  weight  of  a  compound  is 
accurately  the  sum  of  the  atomic  weights  of  the  constituent  olemeots. 

(2)  The  volume-energy  of  gases  is  equal  at  equal  temperature  from 
that  at  which  volume-energy  is  zero  —  t.  e.,  absolute  zero.  And  it  fol- 
lows that  those  volumes  of  gases  which  possess  equal  volume-energy 
contain  equnl  numbers  of  molecules  —  again,  a  close  connection  with 
atomic  weights.  ■ 

(3)  The  specific  heats  of  elements  are  approximately  inversely  pro- 
portional to  their  atomic  weights;  and  of  compounds  to  the  quotient 
of  their  molecular  weights  divided  by  the  number  of  atoms  in  the 
molecule.  Specific  heat  and  entropy  are  closely  related ;  hence  one  of 
the  factors  of  theminl  energy  ia  proportional  (nearly)  to  the  recipro- 
cal of  the  atomic  weights. 

(4)  The  ion  carries  in  its  migration  through  a  volution  one  or  more 
electrons.  Now,  the  ion  is  an  atom  carr\'ing  one  or  more  charges  — 
one  for  each  equiviUent.  Here  we  have  the  capacity  for  electric  charge 
proportional  to  the  equivalent. 

(&)  The  factors  of  chemical  energy  are  atomic  weight  and  chemical 
potential ;  and  as  the  former  is  identical  numerically,  or  after  multi- 
plication by  a  simple  factor  with  equivalent,  electric  potential  is  pro- 
portional to  chemical  potential. 

We  see,  therefore,  that  surface,  volume,  thermal,  electrieaj,and,  no 
doubt,  other  forms  of  energy  have  as  capacity  factors  magnitudes, 
either  identical  with,  or  closely  related  to,  units  of  chemical  capacity : 
while  kinetic  and  linear  cncrg;y  ore  not  so  retat<Kl,  except  through  the 
periodic  arrangement  of  the  elements. 

It  appears,  therefore,  to  be  a  fundamental  problem  for  the  chemist- 
to  ascertain,  hrst,  accurate  atomic  weights,  and,  second,  to  inv«atigat9 
some  anomalies  which  still  present  diihculties.  In  America,  you  luivs 
excellent  workers  in  the  former  branch.  Mallet,  Morley,  Richards,  and. 
many  others  have  dcvot<!d  their  time  and  skill  to  perhaps  the  best* 
work  of  this  kind  which  has  been  done;  and  K.  W.  Clarke  Ims  col- 
lated all  results  and  afforded  incalculable  help  to  all  who  work  at  or 
are  intercste<t  in  the  subject.  Valuable  criticisms,  too,  have  been 
made  by  Iliniichs;  but  it  must  be  confessed  that  in  apite  of  the!«. 
which  are  perhaps  the  \)ent  determinations  which  have  been  made, 
the  problem  becomes  more,  and  not  less,  formidable. 

There  ore  lines  of  work,  howc%'er,  which  suggest  thenisolvce  aa  poe- 
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ably  Ukelj'  to  throw  light  on  the  question.  First,  there  is  a  etriking 
anomaly  in  the  atomic  weight  of  nitrogen,  determined  by  finalysis 
and  determined  by  density.  Stasobtained  the  numberI4.04  (0  =  16), 
and  Richards  has  recently  confirmed    bin  results;  while  Rayleigh 
and  Leduc  consistently  obtained  densities  which,  even  when  corrected 
so'ae  to  equalise  the  numberi;  of  molecules  in  equal  volumes,  give 
the  lower  nfinJrci-1.002.  ThcdiCTcrenre  it)  1  in  350;  far  beyond  any  po&- 
Bible  experimental  error.    Recently,  an  atJempt  to  combine  Ihc  two 
methods  has  led  to  a  mean  number;  but  that  result  can  hardly  be 
uken  aa  final.    What  is  the  reason  of  the  discrepancy?  Its  dim<ovcry 
trill  surely  advance  knowledge  materially.    I  would  suggest  the  pre- 
paration of  pure  compounds  of  nitrogen,  such  aa  saltfl  of  hydranioe, 
methylanine,  ek.,  and  their  careful  analysis;  and  also  the  accurate 
determination  of  the  density  nnd  aualysiaof  such  gasenus  compounds 
of  nitrogen  ns  nitric  ctide  and  peroxide.  1  have  juat  lieard  from  my 
SowoMr  student,  H.  W.  Gray,  that  lie  has  recovered  Stag's  number 
by  combining  2X0  with  d ;    wlule  the  density  of  NO  leads  to  the 
lower  value  for  the  atomic  weight  of  nitrogen.* 

The  question  of  the  atomic  weight  of  tellurium  appears  to  be  set- 
tled, at  least  so  far  as  its  position  with  regard  to  the  generally  accepted 
atomic  weight  of  iodin  is  concerned;  recent  determinations  give  the 
figures  127.5  (Gutbier),  127.6  (Pellini),  and  127.9  (Kothner).  But 
is  that  of  iodin  as  accurately  known?  It  would  fip|iear  advisable  to 
revise  the  determi  nation  of  StaH,  preparing  the  iodin  preferably  from 
an  organic  compound,  such  um  ioUciform,  which  can  be  produced  in  a 
liigh  state  of  purity.  The  heLeruiiiorphiisni  of  Kclciiatos  and  tc-Uurales, 
too,  has  recently  been  demonstrated;  and  it  may  be  qucatioaed 
whether  these  elemenls  ahoiUd  both  belong  to  the  same  group. 

The  rare  earths  still  remain  a  puzzle.  Their  nnml>er  is  inrreas- 
ing  yearly,  and  their  claim  to  individuality  admits  of  less  and  leas 
dispute.  What  ia  U>  be  done  with  them?  Are  they  to  l)e  grouped  by 
themselves  as  Urauiicr  and  Steele  propoK?  If  so,  how  is  their  con- 
nection with  other  elements  to  bo  explained?  Recent  oxpcrimcots 
in  my  laboratory  have  convinced  me  that  in  the  case  of  thorium,  at 
least,  ordinary  test^  of  purity  such  as  fine  crystals,  constant  subliming 
point, etc.,  do  not  always  indicate  homogeneity;  or  else  that  we  are 
sadly  in  want  of  some  analytical  method  oF  sufficient  accuracy.  The 
change  of  thorium  into  thorium  X  ia  perhaps  hardly  an  explanation  of 
the  divergences;  yet  it  must  be  considered;  but  of  this,  anon. 

To  turn  next  to  another  problem  closely  related  to  the  orderly 
arrangement  of  the  element.?,  —  that  of  valency,  —  but  little  progress 
can  be  chronicled.  The  stiggestions  which  have  been  made  are  specu- 

'  Note  adiled  Febmary,  IH06:  ReaeareliM  by  Grav  and  by  Ouye  have  mnce 
■liown  tliat  Htiu's  mniLltM  am  in  nrmr;  snU  clrtcntiinntinnH  \>y  Rii*lMnl»  aUow 
the  tuunc  cnticlutrion  to  be  drown.  The  actual  atomic  weight  cannot  differ  much 
from  14.007. 
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Utive,  rather  than  based  on  experiment.  The  existence  of  many" 
peroxidized  siibstanres,  such  iis  |ie  re  arbor  ates,  perborulcii,  jjerBUl- 
phat«s,  and  of  cry(it,iill  ine  compoundKof  sails  with  hydrogen  peroxide, 
mnkes  it  difficult  to  draw  any  indittputable  cnnclumons  as  regards 
valency  from  a  conmderution  of  oxy^n  compounds.  Moissun's  bril- 
liant work  on  fluorides,  however,  has  sliown  that  SF|  is  capable 
of  stable  existence,  and  this  forms  a  strong  argument  in  support  of 
the  hexad  character  of  sulphur.  The  tctravalcDcy  of  oxygen,  iinder 
befitting  conditiona,  too,  is  being  acknowledged,  and  this  may  be 
reconciled  witli  the  existence  of  water  of  c'ryKtalli]:ation,a8  well  as  of 
the  [ler-auit'-SMLreiidy  mentioned.  Tlie adherence  of  ammonia  to  many 
chlorides,  nitrute«,  etc.,  points  to  the  connecting  link  being  attcribable 
to  the  pentavjilcncy  of  nitrogen;  and  it  might  be  worth  while  investi- 
gating Bimilar  compounds  with  phosphoretted  and  arscniuretted 
hydrogen,  especially  at  low  temperatures. 

The  progress  of  chemical  discovery,  indeed,  is  closely  connected 
with  the  invention  of  new  methods  of  research,  or  the  submitting  of 
matter  to  new  conditions.  While  Moissan  led  the  way  by  elaborating 
the  electric  furnace,  and  thus  obtained  ii  potent  agent  in  temi)eraturG8 
formerly  unattainable,  Spring  has  tried  the  eflect  of  enormous  pres- 
sure, and  has  recently  foimd  chemical  action  between  cuprou8  oxide 
and  sulphur  at  ordinary'  tcmpcraturo,  provided  the  pressure  be  raised 
to  8000  atmospheres.  Increase  of  pressure  appears  to  lower  the  tem- 
perature of  reaction.  It  has  been  known  for  long  that  exploaons  will 
not  propagate  in  rarefied  gnaes,  and  that  they  become  more  violent 
when  the  reacting  g&ses  arc  compressed:  but  we  are  met  with  diffi- 
culties, such  as  the  non-combination  of  hydrogen  and  nitrogen,  even 
at  high  temperature  and  great  pressure;  yet  it  is  possible  to  measure 
the  electromotive  force  (0.59  volt)  in  a  couple  consisting  of  gaseous 
nitrogen  and  gaseous  hydrogen,  the  electrolyte  being  a  solution  of 
ammonium  nitrate  eaturaled  with  ammonia.  Chemical  action  be- 
tween dissolved  hydrogen  and  nitrogen  undoubtedly  occura;  but  itts 
not  continuous.  Againwemay  ask,  W^y?  The  heat  evolution  should 
be  great ;  the  gain  of  entropy  should  also  be  high  were  direct  combina- 
tion to  occur.  Why  does  it  not  occur  to  any  meafiurable  extent?  Is 
it  because  for  the  initial  stages  of  any  chemical  reaction, the  reacting 
molecules  must  be  already  disaofiated,  and  those  of  nitrogen  are  not? 
Is  that  in  any  way  connected  with  the  abnormally  low  density  of  gas- 
eous nitrogen?  Or  is  it  that,  in  order  that  combination  shall  occur. 
the  atoms  must  fit  each  other;  and  that,  in  order  that  nitrogen  and 
hydrogen  atoms  may  fit,  they  must  be  greatly  distorted?  But  these 
are  speculative  questions,  and  it  is  not  obvious  how  exiierioieuts  can 
be  devised  to  answer  them. 

Many  compounds  are  stable  at  low  temperaturrs  which  dissrwiate 
when  temijeraturc  is  raised.  Experiments  are  being  made,  now  that 
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liquid  air  is  to  be  puichawd  or  cheaply  made,  on  the  combinatioos  of 
stibittances  which  unj  uuIifTerent  to  each  other  at  ordinary  tenipera- 
t.ures.  Yel  the  rewurch  niiuit  be  a  reelrict«(l  one,  fur  most  subetauces 
m-re  solid  at  — 185°,  aud  refuse  to  act  on  each  other.  It  is  pmbable, 
liowevcr,  that  at  low  temperatun^s  compoxmds  could  be  formed  in 
-wliich  one  of  the  cleiuenU  would  possess  &  greater  valency  than  that 
«ju«ually  ascribed  to  it;  and  also  that  double  compounds  of  greater 
c^omplexity  would  prove  stable-    Valency,  indeed,  appears  to  be  in 
xnany  cases  a  function  of  temperature;  exothermic  compounds,  as  ia 
-vretl  known,  are  le&B  stable,  the  higher  the  temperature.  The  sudden 
crooling  of  compounds  produced  at  a  high  temperature  may  possibly 
jreault  in  forms  being  preserved  which  are  unstable  at  ordinar>'  tem- 
peratures.   Experiments  have  been  made  in  the  hope  of  obtaimng 
«2ompounds  of  argon  and  helium  by  eicposing  vtuious  elements  to  the 
xniluence  of  sparks  from  a  powerful  induction  coil,  keeping  the  walls 
«}f  the  cootaimng-veBsel  at  the  temperature  of  liquid  air,  in  the  hope 
_%hat  any  endotherniic  compound  whith  mi^ht  be  formed  would  be 
kpidly  cooled,  aud  would  survive  the  interval  of  temperature  at 
-which  decomposition  would  take  place  naturally.    But  these  cxpcri- 
xnents  have  so  far  yielded  only  negative  results.  There  is  some  indi- 
<ation,  however.that  such  compounds  arc  stable  at  1500".    It  might 
"be  hoped  that  a  study  of  the  behavior  of  the  non-valent  elements 
would  have  led  to  some  conception  of  the  nature  of  valency;  but  so 
far,  no  results  beanng  on  the  question  have  transpired.   The  condi- 
tion of  helium  in  the  mineraU  from  which  it  is  obtainable  by  heat  is 
not  explained;  and  experiments  in  this  direction  have  not  furnished 
any  poeiti%*e  information,   it  is  always  doubtful  whether  it  is  advis- 
able to  publish  the  results  of  negative  experiments;  for  it  is  always 
possible  that  some  mors  skilled  or  more  fortunate  investigator  may 
sucoeed.where  one  has  failed.  But  it  may  be  chronicled  that  attempts 
to  cause  combination  between  the  inactive  gases  and  lithium,  pota»- 
eiom,  rubidiuin,  and  cscitium  have  yielded  no  posUive  results;   nor 
do  they  appear  to  react  with  fluorin.  Vet  conditions  of  experiment 
play  a  leading  part  in  causing  combination,  as  has  been  well  shown 
by  Moissan  with  the  hydrides  of  the  alkah-metals,  and  by  Gunti:, 
with  those  of  the  metals  of  the  alkaline  eartlis.  The  psoof  that  sodium 
hydride  potssesses  the  formula  NaH,  instead  of  the  iormerly  accepted 
one,  removes  one  difficulty  in  the  problem  of  valency;    and  Srlli 
falls  into  ita  natural  position  among  hydrides. 

A  fertile  field  of  inorganic  research  Uee  in  the  investigation  of  struc- 
ture. While  the  structure  of  organic  compounds  has  been  elucidated 
atmoet  completely,  that  of  inorganic  compounds  is  practically  un- 
developed. Yet  efforts  have  been  made  in  tliia  direction  which  appear 
to  point  a  way.  The  nature  of  the  silicates  has  been  the  subject  of 
neearcb  for  many  years  by  F.  W.  Clarke;  and  tlie  way  has  been 
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opened.  Much  may  be  done  by  treating  silicates  with  appropriate  sol- 
voTitH,  nrid  or  alkaline,  which  differentiiitc  between  uncombined  and 
combined  Rilina,  and  ihitt  in  mme  cusefi,  by  replacement  of  one  metal 
by  another,  given  a  cine  to  constitution.  The  complexity  of  the  mnle- 
Gules  nf  inorganic  rnmpounds,  which  are  usuuJIy  eolid.  forin»  another 
bar  to  investigatinn.  It  is  clear  that  sulphuric  acid,  to  choose  a  com* 
men  inatnnco,  possesses  »  very  complicated  molecule;  and  the  fused 
nitrate*  of  sodium  and  pottissiiim  »re  not  correctly  represented  by  the 
simple  fomiulie  NaNO,  and  KNO,.  Any  theory  of  the  structure  of 
their  derivatives  must  talce  .such  riLcta  into  consideration;  but  we  ap- 
pear to  be  getting  nearer  the  eluridjition  of  the  molecular  weights  of 
snlidis.  Again,  Ihe  complexity  nf  KolutionM  of  the  moKt  common  nalta  is 
maintftined  by  many  investigators ;  for  example,  a  solution  of  cobalt 
ehlorido,  while  it  undoubtedly  contains  among  other  constitueDts 
simple  moleeulos  of  CoCl,,  also  comtiiits  of  ions  of  a  complex  character, 
such  as(CoCI,)".  And  what  holds  for  cobalt  chloride  also  undoubtedly 
holds  for  many  similar  compounds. 

In  determining  the  constitution  of  the  compounds  of  carbon,  stereo- 
ehemiatry  has  played  a  lETeat  part.  The  ordinary  structural  fonaulfe 
are  now  universally  acknowledged  to  be  only  pictorial,  if,  indeed,  that 
word  is  legitimate;  perhaps  it  would  bo  better  to  sny  that  they  are 
distorted  atteuipts  at  pictures,  the  drawing  of  which  is  enlii'ely  free 
from  nil  rules  of  perspective.  But  these  formulse  may  in  almost  every 
caae  be  made  nearly  true  pictures  of  the  configuration  of  the  mole- 
cules. The  benzene  formula,  to  choose  an  instance  which  is  by  no 
means  the  simplest,  has  been  shown  by  Collie  to  be  imitated  by  a 
model  which  represents  in  an  unstrained  manner  the  behavior  of  that 
body  on  treatment  with  resgenta.  But  in  the  domain  of  inorganic 
chemistry,  tittle  progress  has  been  made.  Some  ingeniouB  ideas  uf  the 
geologist  SoUas  on  this  problem  have  hardly  received  the  attention 
which  they  deserve;  perhaps  they  may  have  been  regarded  as  too 
speculative.  On  the  other  hand,  Le  Bel's  and  Pope's  proof  of  the 
stereo-isomerism  of  certain  compounds  of  nitrogen;  Pope's  demon- 
stration of  the  tetrahedral  structure  of  the  allcyl  derivatives  of  tin; 
and  Smilcs'a  syntheses  of  Bterco-isomeric  sulphur  compounds  pve  us 
the  hope  that  further  investigation  will  lead  to  the  classification  of 
many  other  elements  from  tliis  point  of  view.  Indeed,  the  field  is 
almost  %*irgin  soil;  but  it  is  well  worth  while  cultivating.  There  is  no 
doubt  that  the  investigation  of  otiicr  organo-metallic  compounds 
resutl  in  the  discovery  of  Rtereo-isomerides;  yet  the  methods  nf  inves- 
tigation capable  of  separating  such  constituents  have  in  most  c 
still  to  be  discovored. 

The  number  of  chemical  iaomeridcs  among  inorganic  compounds  w 
a  restricted  one.  Werner  has  done  much  to  elucidate  this  subject  in 
the  caae  of  complex  ammonia  derivatives  of  mctnls  and  thoir  salts; 
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but  there  appears  to  be  little  doubt  that  if  looked  for,  the  same  or 
Biznilar  phenomena  would  be  diBcovcrable  in  compound)^  with  much 
ampler  fonnuL"e.  The  two  forma  of  SO,,  sulphuric  aiiliydride,  are 
an  instance  In  point.  No  doubt  formation  under  different  conditions 
of  temperature  and  pressure  niisht  result  in  the  greater  stability  of 
some  forms  which  under  uur  oniinarj'  cnuditions  ore  changeable  and 
unstable.  The  fact  that  under  higher  pressures  than  arc  generally  M 
our  disposal  different  forms  of  ice  have  been  proved  to  exist,  and  the 
application  of  the  phase  rule  to  such  cases  wilt  greatly  enlarge  our 
knowledge  of  molecular  iaomeriam. 

The  phenomena  of  catalysis  huve  been  extensively  studied  of  recent 
years,  and  have  obviotialj-  an  important  linurinK  on  such  problems. 
A  catalytic  agent  is  one  which  accelerates  or  retards  the  velocity  of 
reaction.  Without  inquirinf;  into  the  mechanism  of  cntAly.>ii3,  its  ex- 
istence may  be  made  to  influence  the  rate  of  chemical  change,  and  to 
render  bodies  stable  which  under  ordinary  conditions  are  unstable. 
For  if  it  is  posjoble  to  accelerate  a  chemical  change  in  such  a  way  that 
the  usually  slow  and  possibly  unreco^nixable  rate  of  isomeric  change 
may  be  made  apparent  and  mousurable,  a  substance  the  existence  of 
which  could  not  be  recognized  under  ordinary  circumstances,  owing 
to  its  infinitesimal  amount,  may  Iw  induced  to  exist  in  weiglmblc  quan- 
tity, if  the  velocity  of  its  formation  from  an  isomeride  can  be  greatly 
aecderated  by  the  presence  of  an  appropriate  catalytic  agent.  I  am 
not  aware  that  attempts  have  been  made  in  this  direction.  The  dis- 
covery of  catalytic  agents  is,  as  a  rule,  the  result  of  accident.  I  do  not 
think  that  any  guide  exists  which  would  enable  us  to  predict  that  any 
particular  substance  would  cause  an  acceleration  or  a  retardation  of 
any  particular  reaction.  But  eatalytic  agents  are  generally  thow 
which  themselves,  by  their  power  of  combining  with  or  parting  wltli 
oxygen,  or  eome  other  element,  cause  the  transfer  of  that  element  to 
other  compounds  to  take  place  with  increseed  or  diminighed  velocity. 
It  ia  possible,  therefore,  to  cause  ordinary  reactions  to  take  place  in 
preeeoce  of  a  third  body,  choosing  the  third  body  with  a  view  to  its 
catalytic  action,  and  to  examine  carefully  the  products  of  the  main 
reaction  as  regards  their  nature  and  their  quantity.  Attempts  have 
been  made  in  this  direction  with  marked  success;  the  rate  of  change 
of  hydrogen  dioxide,  for  example,  bos  been  fairly  well  studied.  But 
what  has  been  done  for  that  compound  may  be  extended  indefinitely 
to  others,  and  doubtless  with  analogous  results.  Indications  of  the 
existence  of  as  yet  undiscovered  compounds  may  be  derived  from 
&  Audy  of  physical,  and  particularly  of  electrical,  changes.  There 
appears  to  be  suSicient  evidence  of  an  oxide  of  hydrogen  containing 
more  oxygen  than  hydrogen  dioxide,  from  a  study  of  the  electro- 
motive force  of  a  cell  containing  hydrogen  diuude;  yet  the  higher 
oxide  still  awaits  discovery. 
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The  interpretatioa  of  chemical  change  in  the  light  of  the  lo: 

theory  may  now  be  taken  ta  an  integral  part  of  inorganic  chemist 

The  ordinary  reactions  of  qualitative  and  quantitative  analysis 

nowalmoat  universally  ascribed  to  the  ions,  not  to  the  molecules.  A 

the  study  of  tlio  properljes  of  mofit  ions  falls  into  the  province  of  t 

inorganic  chemist.   To  take  a  familiar  example :  The  precipitation 

hydroxides  by  means  of  ammonia-solution  has  long  led  to  the  hypof 

thesis  that  the  solution  contained  amjnomum  hydroxide;  and  indeed, 

the  teaching  of  the  text-booka  and  the  labels  on  the  bottles  supported 

this  view.  But  we  know  now  that  a  solution  nf  ammonia  in  water  ia  | 

complex  mixture  of  liquid  ommoniu  and  liquid  water;  of  ammonium 

hydroxide,  NH.OH;  and  of  ions  of  anunonium  (NH,)^  and  hydroxy] 

(OH)'.  Its  reactions,  therefore,  are  those  of  such  a  complex  mixturo^ 

If  brought  into  contact  with  a  solution  of  some  substance  which  will 

withdraw  the  hydroxy!  ions,  converting  them  into  water,  or  into  some 

non-ionized  substance,  they  are  replaced  at  the  expense  of  the  molM 

cules  of  non-ioni&ed  ammonium  hydroxide;  and  these,  when  dimin^ 

ished  in  amount,  draw  on  the  store  of  molecules  of  ammonia  and 

water,  which  combine ,  so  as  to  maintwn  equilibrium .  Now  the  investli 

gation  of  such  changes  must  belong  to  the  domain  of  inorganic  cbenw 

istry.   It  is  true  that  the  methods  of  investigation  are  borrowed  fron^ 

the  physical  chemist;   but  the  products  lie  in  the  province  of  thft 

inorganic  chemist.    Indeed,  the  different  departments  of  cbemistrj} 

are  so  interlaced  that  it  is  impossible  to  pursue  investigations  in  anC 

one  brauch  without  borrowing  methods  from  the  others;    and  tb^ 

inorganic  chemist  must  be  familiar  with  all  chemistry,  if  he  is  td' 

make  notable  progress  in  his  own  branch  uf  the  subject.    And  if  thf* 

substances  and  processes  investigated  by  the  inorganic  chemLit  mt% 

destined  to  become  commercially  important,  it  is  impossible  to  plao^ 

the  manufacture  on  a  sound  commercial  basis  without  ample  know^ 

Icdgo  of  physical  methods,  and  their  application  to  the  most  csconoio^ 

ical  metliods  of  accelerating  certain  reactions  and  retarding  others,  aft 

6B  to  obtain  the  largest  yield  of  the  required  product  at  the  smallest 

cost  of  time,  labor,  and  money.  I; 

I  have  endeavored  to  sketch  some  of  the  aspects  of  inorganic  chem-^ 

istry  with  a  view  to  suggesting  problems  for  solution,  or  at  least  tb#. 

directions  in  which  such  probleme  are  to  be  sought.  But  the  dcvdop- 

mcnts  of  recent  years  have  been  so  astonishing  and  so  unexpected* 

that  I  should  fail  in  my  duty  were  I  not  to  allude  to  the  phenomena  oil 

radioactivity,  and  their  bearing  on  the  subject  of  my  address.    It  il' 

difficult  to  gauge  the  relative  importance  of  investigations  in  thiii 

field;  but  I  may  be  pardoned  if  I  give  a  short  account  of  what  blii 

already  been  done,  and  point  out  lines  of  investigation  which  appear! 

to  me  likely  to  yield  useful  result^!. 

The  wonderful  discovery  of  radium  by  Madame  Curie,  the  preparft- 
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tioa  of  practically  pure  compounds  of  it,  and  th«  detcrmintitioii  of  its 
atomic  weight,  arc  familiar  to  ail  of  jou.  Her  discover)'  of  polonium, 
and  Debierne'B  of  actiaium,  have  also  attracted  tnucb  attention. 
Tbe  recognition  of  the  radioactivity  of  uranium  by  Becquerel,  which 
gave  the  first  impulse  to  these  diBcoveries,  and  of  that  of  thorium  by 
Schmidt,  ia  also  well  known. 

These  subatances,  however,  presented  at  first  more  interest  for  the 
pkyaicist  than  the  cheniiat,  on  •account  of  the  extraordlnar)'  power 
whichthey  ail  poaacsaof  emitting"  rays."  At  ilrst.theaeraye  were  sup- 
posed to  constitute  ethereal  vibrations;  but  all  the  phenomena  were 
not  explicable  on  that  supposition.    Schmidt  first,  und  Rutherford 
tndBoddy  later,  found  that  certain  so-(!alled  "rays"  really  consist  of 
fsaea;  and  that  while  thorium  emits  one  kind,  radium  emits  another; 
aDd  no  doubt  Debieme's  actinium  emits  a  third.  The  name  "  emana> 
tions  "  was  applied  by  Rutherford  to  such  radiouctivc  bodies;  he  and 
Soddy  found  that  those  of  radium  and  thorium  could  be  condensed 
and  frozen  by  exposure  to  the  temperature  of  liquid  air,  and  that  they 
"Were  not  destroyed  or  altered  in  any  way  by  treatiucnt  with  agents 
which  arc  able  to  separate  all  known  gases  from  those  of  the  argon 
^roup,  namely,  red-hot  magnesium-Hme,  and  it  was  later  found  tliat 
Sparking  with  oxygen  in  presence  of  caustic  potash  did  not  aSect  tbe 
SS^Beoua  emanation  from  radium.    Tlie  conclumon  therefore  followed 
'that  in  all  probability  these  bodies  are  g&ses  of  the  argon  group,  the 
atomic  weight  of  which,  and  consequently  the  density,  is  very  high; 
and«ed,  several  observers,  by  means  of  experiments  on  the  rate  of 
^iiffusion  of  the  gas  from  radium,  believe  it  to  have  a  density  of  approx- 
imately 100,  referred  to  the  hydrogen  standard.  This  concliisioti  haa 
been  confirmed  by  the  mapping  of  the  spectrum  of  the  radium  emana- 
UoD,  which  is  similar  in  general  character  to  the  spectra  of  the  inactive 
gases,  connsting  of  a  number  of  well-defined,  clearly  cut  brilliant 
lines,  standing  out  from  a  black  background.  Tbe  volume  of  the  gas 
produced  spontaneously  from  a  given  weight  of  radium  bromide  in 
a  given  time  has  been  measured;  and  it  was  Incidentally  shown  that 
this  gas  obeys  Boyle's  law  of  pressures.  The  amotmt  of  gas  thus  col- 
lected and  measured,  however,  was  very  minute;  the  total  quantity 
was  about  the  forty -thousandth  of  a  cubic  centimeter. 

Having  noticed  that  those  minerals  which  consist  of  compounds 
of  uranium  and  tliorium  ccmtuin  helium,  Rutherford  and  Soddy  made 
tbe  suggestion  that  It  might  nut  be  impossible  that  helium  is  the  pro- 
duct of  the  spontaneous  change  of  the  emanation;  and  Soddy  and 
I  were  able  to  show  that  this  is  actually  the  case.  For,  first,  when 
a  quantity  of  radium  salt  which  has  been  prepared  for  some  time  is 
dissolved  in  water,  the  occluded  helium  is  expelled,  and  can  be  recog- 
nized by  means  of  its  st>ectrum;  furtlier,  the  fresh  emanation  shows 
DO  helium  spectrum,  but  after  a  few  days  the  spectrum  of  helium 
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begins  to  appear,  proving  that  a  spontaneous  change  is  in  progross; 
and  last,  as  the  emanation  disappears  its  volume  decreases  to  z«ro; 
and  on  beating  the  capillary  glass  tube  which  contained  it,  helium  is 
driven  out  from  the  glam  walU,  into  which  its  molecules  had  been 
imbedded  in  volume  equal  to  three  and  a  half  times  that  of  the  eman- 
ation. The  a  rays,  as  foreshadowed  by  Hutherford  aud  Soddy,  con- 
sist of  helium  particles. 

All  these  facts  subetantiate  the  theory,  devised  by  Rutherford  and 
Soddy,  that  the  radium  atom  is  capable  of  disintegration,  one  vf  the 
products  being  a.  gas,  which  itself  undergoes  further  disintegration,  ■ 
forming  helium  as  one  of  il^  products.  Up  till  now,  the  sheet-anchor 
nf  the  chemieta  has  been  the  atom.  But  the  atom  itself  appears  to 
be  complex,  and  to  be  capable  of  decomposition.  It  is  tnio  that  only 
in  tlic  case  of  a  very  few  elements,  and  these  of  high  atomic  weight, 
has  this  been  proved.  But  even  radium,  the  element  which  has  by  far 
the  most  rapid  rale  of  disintegration,  has  a  comparatively  long  life; 
the  period  of  half-change  of  any  given  mass  of  radium  is  approximately 
i  100  years.  The  rate  of  change  of  the  other  elements  is  incomparably 
slower.  This  change,  too,  at  least  in  the  case  of  radium  and  its  eman- 
ation, and  preaumuhly  also  in  the  case  of  other  elements,  is  attended 
with  an  enormous  loss  of  energy.  It  is  easy  to  calculate  from  heat 
meuurements  (and  independent  and  concordant  measurements  have 
been  made)  that  one  pound  of  emanation  is  capable  of  parting  with 
as  much  energy*  as  several  hundred  tons  of  nitroglycerine.  The  order 
of  the  quantity  of  energy  evolved  during  the  disintegration  of  the 
atom  is  as  astonishing  as  the  nature  of  the  change.  But  the  nature  of 
the  change  is  parallel  to  what  would  take  place  if  an  extremely  compli- 
cated hydrocarbon  were  to  disintegrate;  its  disruption  into  simpler 
paraffins  and  olefinea  would  also  be  attended  with  loss  of  energy.  Wa 
may  therefore  take  it,  I  think,  thai  the  disintegration  hypothesis  of 
Rutherford  and  Soddy  is  tlie  only  one  whicli  will  meet  the  case. 

If  radium  is  continually  disappearing,  and  would  totally  disappear 
in  a  very  few  thousand  years,  it  follows  that  it  must  be  reproduced 
from  other  substances,  at  an  equal  rate.  The  moat  evident  conjecture, 
that  it  is  formed  from  uranium,  has  not  been  substantiated.  Soddy 
has  shown  that  salts  of  uranium,  freed  from  radium,  and  left  for  a 
year,  do  not  contain  one  ten- thousandth  part  of  the  radium  that  one  M 
would  expect  to  be  formed  in  the  time.  It  is  evident,  therefore,  thaC  * 
radium  must  owe  Its  existence  to  the  presence  of  some  other  substajices, 
but  what  they  are  is  still  unascertained. 

Duriog  the  investigation  of  Rutherford  and  Soddy  of  the  thorium 
emanation,  a  most  interesting  fact  was  observed,  namely,  that  precipi- 
tation of  the  tliorium  as  hydroude  by  ammonia  left  unprecipitated  a 
Hubstance,  wtiich  they  termed  thorium  .V,  and  which  was  itself  highly 
radioactive.    Its  radioactive  Ufe,  however,  was  a  short  one;  and  as 


I 


i 


I 


PRESENT  PROBLEMS 


269 


it  decayed,  it  woB  reproduired  from  its  parent  thoiivmi  at  an  equal  rate. 
Here  is  a  case  anaJogous  to  what  was  sought  for  with  radium  and 
uianium;  but  evidently  urunium  \s  not  the  only  parent  of  radium; 
the  operation  is  not  one  of  parthenogeuesie.  Similar  facts  have  been 
;  elicited  for  uranium  by  CrookBH. 

The  a  rays,  caused  by  the  disintcgTation  of  radium  and  of  its  cman- 
atioD,  arc  accompanied  by  rays  of  quite  a  different  character;  these 
.Ire  the  ff  rays,  idcDtical  with  cluctroDs,  the  moss  of  which  h^  been 
neaaurcd  by  J.  J.  Thomfion  and  others.  These  particles  are  projected 
tritbenormoufl  velocity,  and  are  capable  of  penetratingglaetiand  metal 
iBcreens.  The  power  of  penetration  aptxiars  to  I*  proportional  to  tbe 
lount  of  mutter  in  the  screen, estimated  by  its  denmly.  These  elec- 
trons arc  not  matter ;  but,  as  I  shall  relate,  they  are  capable  of  causing 
profound  changes  in  matter. 

l''or  the  poat  year,  a  solution  of  radium  bromide  has  been  kept  in 
three  glass  bulbs,  each  connected  to  a  Topler  pump  by  means  of  capil- 
lary  tubing.    To  insure  these  bulbs  against  accident,  each  was  sur- 
rounded by  a  small  beaker;  it  happened  that  one  of  the.'«  beakers  con- 
sisted nuunly  of  potash  glass;  the  other  two  were  of  soda  glass.  The 
potoafa-glass  beuker  became  biown,  while  the  two  soda-glaes  beakers 
l}ecaiu«  purple.  I  tltink  there  is  every  probability  that  the  colors  are 
<lac  to  liberation  of  the  metals  potassium  and  sodium  in  the  glass. 
They  are  contained  in  that  very  viscous  liquid,  glass,  in  the  colorless 
ionic  stAte;  but  these  ions  are  discharged  by  the  ^  rays,  or  negative 
electrons,  and  each  metal  imparts  its  own  peculiar  color  to  the  glass, 
as  has  been  shown  by  Maxwell  Gamctt,  This  phenomenon,  however 
interesting,  is  not  the  one  to  which  I  desire  to  draw  special  attention. 
It  must  be  remembered  that  the  beakers  have  been  e.\po&ed  only  to 
fi  rays;  a  rays  have  never  been  in  contact  with  them;  they  have 
never  been  bombarded  by  what  is  usually  called  matter,  except  by  the 
molecules  of  the  surrounding  air.     Now  these  colored  beakers  are 
radioactive,  and  the  radioactive  film  dissolvet  in  vxiier.   After  careful 
washing,  the  glass  was  no  longer  radioftcti%'e.   The  solution  contains 
an  emanation,  for  on  bubbling  air  through  it,  and  cooling  the  issuing 
air  with  liquid  air,  part  of  the  radioactive  matter  was  retained  in  the 
cooled  tube.    This  substance  can  be  carried  into  an  electroscope  by 
a  current  of  air,  after  the  Uquid  air  has  been  withdrawn,  and  as  long 
as  the  air-current  passes,  the  electroscope  is  discharged ;  the  period  of 
decay  of  this  emanation,  however,  is  very  rapid,  and  on  ceasing  the 
current  of  air,  the  leaves  of  the  electroscope  cease  to  be  discharged. 
Id  having  such  a  short  period  of  existence,  this  emanation  resembles 
the  one  from  actinium. 

Owing  to  the  recess,  only  a  commencement  has  been  made  with  the 
investigation  of  the  residue  left  on  evaporation  of  the  aqueous  solu- 
tion.   On  evaporation,  the  residue  is  strongly  active.   Some  mercur- 
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oua  nitrat«  wfis  then  added  to  the  dissolved  rcadue,  and  it  was  treated 
with  hydrochloric  acid  in  excess,  to  precipitate  merrurouB  chloride. 
The  greater  part-  of  the  active  matter  was  tlirown  down  with  the  nier- 
ourous  chloride,  hence  it  appears  to  form  un  insoluble  chloride.  The 
mercurous  chloride  retained  it9  activity  uncbanKcd  in  amount  for  ten 
day*.  The  filtrate  from  the  mcrcmou«  chloride,  on  evaporation, 
turned  out  to  be  active;  and  on  precipitating  mercuric  sulphide  in  it, 
the  sulphide  precipitate  was  also  active;  but  its  activity  decayed  in 
one  day.  The  filtrate  from  the  mercuric  sulphide  gave  inactive  pre- 
cipitates with  ferric  salts  nnd  ammonia,  with  zinc  salts  and  ununo* 
nium  sulphide,  with  calcium  salts  und  ammonium  carbonate;  and  on 
final  evaporation,  the  residue  was  not  radioactive.  Hence  the  active 
matter  forms  an  insoluble  chloride  and  sulphide.  The  precipitated 
merciirous  chloride  and  mercuric  sulphide  were  dissolved  in  aqua 
regia,  and  the  solution  was  evaporated.  The  residue  was  dissolved  in 
water,  and  left  the  dish  inactive.  But  the  solution  gave  an  insoluble 
sulphate,  when  barium  chloride  and  sulphuric  acid  were  added  to  it; 
hence  the  radioactive  element  forms  an  insoluble  sulphate,  as  well  tA 
an  insoluble  chloride  and  aulphido. 

This  is  a  sample  of  the  experiments  which  have  been  made.  It 
may  be  remarked  that  the  above  results  were  obtained  from  a  mix- 
ture of  the  potash  and  soda  glass;  somewhat  different  results  were 
obtained  from  the  potash  glass  alone.  These  changeB  appear  to  be 
due  to  the  conversion  of  one  or  more  of  the  constituents  of  the  glaas 
into  other  bodies.  Needless  to  say,  neither  of  the  samples  of  glaaa 
contained  lead. 

I  have  mentioned  these  experiniente  in  detail,  because  I  think  they 
suggest  wholly  new  lines  of  investigation.  It  would  appear  that  if 
energy  can  be  poured  into  a  definite  chemical  matter,  such  as  glass, 
it  undergoes  some  change,  and  gives  rise  to  bodies  capable  of  being 
tested  for;  I  imagine  that  radioactive  forms  of  matter  arc  produced, 
either  identical  with  or  alhed  to  those  at  present  known.  .\nd  iuet 
ae  radium  and  other  radioactive  elements  suffer  degradation  spouta- 
neously,  evolving  energy,  so  I  venture  to  think  that  If  energy  be  con- 
centrated in  the  inolecules  of  ordinary  forms  of  matter,  a  sort  of  poly- 
merization is  the  result,  and  radioactive  elements,  probably  elements 
with  high  atomic  wci^^ht,  and  tlicmfielves  unstable,  are  formed.  Of 
course  further  research  may  greatly  modify  these  views;  but  some 
guide  is  necessary,  and  Mr.  Tement  Cook,  who  has  helped  me  in  these 
experiments,  and  I,  suggest  this  hypothesis  (in  the  words  of  Dr.  John- 
stone Stoney,  an  hypothesis  is  "a  supposition  which  we  hope  may  be 
useful ")  to  sen.'e  as  a  guide  for  future  endeavor. 

In  the-  light  of  such  facts,  speculation  on  the  [leriodic  arrangement 
of  the  elements  is  surely  premature.  It  is  open  to  any  one  to  moke 
suggestions;  they  are  sclf-ewdcnt.   Most  of  you  will  agree  with  the 
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saying,  "It  is  easy  to  prophesy  after  the  event."  I  prefer  to  wait 
until  prophecy  becomes  easy. 

I  must  ask  your  indulgence  for  having  merely  selected  a  few  out 
of  the  many  possible  views  as  regards  the  Problems  of  Inorganic 
Chemistry.  I  can  only  plead  in  excuse  that  my  task  is  not  an  easy 
one;  and  I  venture  to  express  the  hope  that  some  light  has  been  thrown 
on  the  shady  paths  which  penetrate  that  dark  region  which  we  term 
the  future. 
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CtauBKAH:    ^orasaos  Albmrt  B.  Fasacim.  Vnivcmty  of  Uicbigftii. 
SnuJCSBS:   PROFSoeoK  Jduob  Sm^aui-rz.  University  of  Chicaeo. 

Pirarcwox  Willum  A.  Noxss,  NatiQO&l  Buicau  of  Stoxidanla. 


Thi:  Chairman  of  the  Section  of  Organic  Chemintr^-  was  PmfesBor 
Albert  B.  Preacott,  of  the  University  of  Michigan,  who  opened  the 
proceedings  by  saying  that  "  wc  are  indebted  to  every  one  of  the 
Bpi^akers  so  fur  heard  in  the  Dcpartinrnt  of  Chemistry  for  important 
iudica  of  the  ctcmtnl  carbon,  whether  studies  of  the  historj-,  the 
present  problems,  or  the  co-relations  of  chemical  science.  We  ore 
under  special  obligationji  to  the  departmental  address,  veRtcrday,  on 
the  '  Fundamental  Conceptions  of  Chemical  Change,'  by  a  dovotee 
and  a  master  of  the  investigation  of  carbon  compounds.  We  found 
tbe  keenest  interest,  thtn  mnming,  in  the  utterunrn»  of  authority  and 
mature  judgment  upon  questions  touching  tliR  natiirc  and  reltition- 
sbip  of  chemical  elements  in  general,  all  bearing  upon  the  character 
of  this  element,  whose  unlimit«d  Rynthetie  powers  have  enlisted  so 
large  a  share  of  the  labor  of  the  chemical  world.  It  but  exemplifies 
the  unity  of  scientific  truth,  that  all  the  divimons  of  chemical  science 
interweave  with  each  other,  so  that  each  is  strengthened  and  directed 
by  the  growth  of  all  the  others.  .\nd  in  the  addresses  in  Sections 
to-morrow,  in  Physical  Chemistry  at  ten  and  in  Physiological  Chem- 
istry at  three,  I  confidently  expect  that  organic  chemists  will  find 
nojees  direct  an  interest  bearing  upon  their  own  labors." 


THE   RELATIONS  OF  ORGANIC  CHEMISTRY  TO  OTHER 

SCIENCES 


BI   JUllCS  STIEOUTS 

[Julius  Sdeditz,  ProfeaoOT  of  Chpmislrv.  Univemty  of  Chicago,  mncp  liKWl,  A.M- 
auii  Pli.D.,  Uoivtratty  «(  Bnrlin,  Ifwfl;  Univrrsity  Scholar,  Clark  Uiiivcreity, 
ISUO;  Chcmicul  Lnborator;,  Dotroit.  IHQd-Vi;  Dac«at  in  Clicmiatrv.  Univere- 
ity  of  Cbipjigo,  1802-93;  AaswUiit.  ibid.  lJfl)3-fl4;  Inrtnietor.  il^.  lWM-97; 
A^Utant  ProfMsor,  tttid.  18S7-1W2;  AMocinU  VroftfMor,  Aid.  1902-05.] 

Tac  very  name  of  the  branch  of  chemistry  on  whose  relations  to 
other  sciences  I  hiLve  the  privilege  of  addressing  you  to-day  tcHs 
ue  with  what  scieucea  in  particular,  other  than  sister  lirauches  of 
chemistry  itself,  organic  chemistry  must  stand  in  closest  relation- 
ship. Since  Wohler  in  182S  by  the  synthesis  of  urea  showed  that 
there  is  no  fundflmental  difference  between  compounds  prepared  in 
the  laboratory  and  the  same  compounds  formed  in  lixing  organisms 
under  the  inRuenue  of  what  until  then  was  known  as  "  vital  force," 
organic!  chemistry  has  become  knitted  more  and  more  closely  with 
all  branches  of  the  great  science  of  organic  life.  Its  achievements  In 
the  past  culminated,  we  may  say,  in  Fischer's  synthesis  of  the  impor- 
tant hexosea  and  his  inagmficent  development,  with  the  aid  of  \*an  't 
Hoff  and  Le  ifers  great  theory,  of  the  fact  that  there  is  an  intiraat* 
connection  between  the  stereochemical  configuratioiu  of  orgaote 
compounds  and  their  production  and  assimilation  in  lining  organisms. 
Great  as  these  and  similar  nchJevements  have  been,  they  can  be  but 
an  earnest  of  what  must  still  be  done  and  is  being  done  to  have 
organic  chemistry  do  Its  full  duty  in  the  study  of  life's  development, 
its  raaiDtenance,  its  decay.  The  very  fact  that  every  stage  of  life 
in  the  animal  and  the  vegetable  kingdom,  in  the  lowest  and  the  high- 
est orders,  is  indissolubly  connected  with  the  formation  or  trans- 
formation of  very  complex  organic  compounds  shows  us  where  the 
path  of  the  organic  chemist  must  lead  to,  difficult  as  the  way  may 
be.  The  plant  physiologists,  physiological  chemists,  physiologists, 
anatomists,  bacteriologists  have  piled  up  questions  for  us  at  a  far 
greater  rate  than  we  have  been  able  to  answer  them. 

Before  this  host  of  questions  there  is  one  to  which  I  wiah  to  call 
yom'  atlentiuo  in  particular  this  afternoon  in  the  time  at  our  disposal, 
and  to  whose  answer  I  wish  to  bring  a  small  contribution  based  on 
work  done  with  Messrs.  Derby,  McCrackon,  and  Scldcsinger.  The 
composition,  structure,  and  configuration  of  the  innumerable  com- 
pounds connected  with  vital  phenomena  est  problems  of  Uie  highest 
importance.  But  the  questions  as  to  how  and  why  such  molecules 
are  formed  and  transformed  seem  equally  important,  for  if  the  trans- 
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lonnation  c«a$«8,  life  also  ceases,  even  in  the  presence  of  abundance 
<if  valuable  inoleculefi  that  build  up  arj^Hiiisins.  Now  we  are  all  aware 
<i(  tJie  fact  that  there  is  almost  uo  vital  irnuistorniitiun  of  niHlt«r  that 
b  not  regulated  by  so-called  "  catalytic  "  agents, — enzymes,  acids, 
baaes,  salta,  —  iu  f&ct.  as  not  long  ago  wa^  pointed  out,  an  orgaoiBiu 
Beems  an  almost  perfectly  regulated  machiiie  for  the  tranfiformatiou 
of  matter,  and  the  regulators  eeem  to  b«  the  catalytic  agentsl  Tbey 
determine  the  speed  of  chemical  changes,  and ,  as  Euler  states,  it  seems 
llmoeit  certain  that  without  the  catalyxer  there  would  be  no  trans- 
foruiation,  DO  chemical  actional  all.  Wlien,  a  short  time  ago,  Jacques 
Xoeb  atartlisi  the  world  by  the  artificial  fertilization  of  eggs  "f  sea- 
'Brcliins  and  other  marine  aaiinals  by  salt  eolutions  of  dcfiuile  t-om- 
I>ositlon  aad  concentrations  of  their  ions,  he  suggested  in  one  of  bis 
addresses  that  the  key  to  his  results  would  most  likely  be  found  in 
the  fact  that  in  all  eggs  there  is  a  tendency  to  develop,  but  that  if  tlie 
development  were  not  hastened  so  as  to  reach  a  certain  stage  within 
a  given  time-limit,  death  would  follow  without  the  production  of  the 
^roung  aoimal.   But  if  the  development  were  aci-elerated  aufriciently, 
&  normal  development  of  life  would  follow.  According  to  Loeb,  then, 
evon  this  fundamental  life-fact,  the  fertilization  of  eggs,  involves 
probably  to  a  Urge  extent  a  question  of  an  ai^celcrated  reaction, or,  as 
"WO  may  say,  a  "catalytic"  problem.     In  I.foeb*s  experiments  and 
laundreds  of  others  we  know  what  the  ultimate  resulls  of  the  cata* 
lytic  reactions  are.  but  we  are  junt  beginning  to  have  any  experi- 
xnental  answers  to  the  question  why  and  how  catalyzers  exert  their 
xnarvelous  accelerating  infiuencefi.     It  may  lie  there  is  no  general 
answer  possible  to  thie  question  which  would  cover  all  cases  —  we 
csan  only  know  after  the  study  of  a  large  number  of  individual  cases. 
3n  tbis  semi-darknesB  we  may  distinguish  for  tlio  present  two  classes 
of  catalytic  reactions,  first  those  produced  by  so-called  heterogeneous 
or  physical  agents,  like  platinum  black,  and  secondly  those  produced 
fcy  what  may  be  called  homogeneous  chemical  catalysera  auch  as 
scids,  alkalies,  salts.  In  an  endeavor  to  ascertain  in  some  individual 
«aM  the  exact  manner  in  whicii  a  catalytic  agent  acts,  a  reaction  of 
the  second  simpler  cIsbs  was  chosen,  namely,  the  thoroughly  studied 
'  eatalyeis  of  an  ester  like  methyl  acetate  under  the  influence  of  acids 
and  water.    As  we  all  know,  the  facts  are  the  following:  the  saponi- 
fication of  methyl  acetate  by  water  according  to  the  equation 

CH,C0,CH,  +  H,O^CH,CO,H  +  CH.0H 

proceeds  exceedingly  slowly.  Acids  greatly  accelerate  the  saponi- 
fication proportionately  to  the  concentration  of  the  hydrogen  ions 
u.'«<l.  It  haa  been  est»bli."ihed  by  Knoblauch  and  Kistinkonsky  that 
the  ultimate  condition  of  equilibrium  of  the  reversible  reaction  is 
not  sensibly  altered  by  the  catalyzer,  in  other  words,  that  the  acid 
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Bocelerates  tbe  re&otion  velocity  in  either  dlrectioD  to  the  same 
extent.  In  the  third  place,  the  catalytic  agent  appears  to  act  by  its 
presence  simply ;  itappean,  at  least,  to  remaiu  UDchangcd  throughout 
the  courao  of  the  reaction.  These  three  properties  have  been  assumed 
by  some  lo  be  necessary  and  typical  characteristics  of  catalytic  action. 
But  in  this  invcstigfition,  in  order  rot  to  overlook  poswbly  the  real 
answer  to  our  problem,  the  vital  fact  of  acceleration  alone  was  con- 
sidered as  chnracteristic  and  it  was  left  to  the  rigorous  application  of 
well-known  fundamental  laws  of  chemistry  to  develop  why,  inci- 
dentally, in  thia  and  similar  caaea  ttie  equilibrium  is  nut  disturbed 
senaibly  and  why  the  catalyzing  acid  appears  to  have  no  share  in  the 
reaction.  Krom  this  point  of  -view,  in  endeavoring  to  imagine  just 
how  an  acid  could  aReet  the  speed  of  the  above  reaction,  the  most 
fundamental  fact  concerning  acida  was  recalled,  the  fact  that  they  j 
have  the  power  to  form  salts  wnth  banes  and  oxides.  Here  we  have  the  \ 
acid  and  the  oxide,  and  the  idea  was  at  once  suggested  that  methyl 
acetate  han  basic  properties  and  that  salt  formation  with  the  acid 
is  the  cause  of  its  catalysis.  It  was  clear,  however,  that  the  basic 
functions  of  a  substance  like  methyl  acetate  must  be  far  too  weak  for 
quantitative  measurements  of  its  constants  and  for  a  rigorous  quan- 
titative test  of  the  idea  ju.st  developed.  Under  these  circumstances  it 
w»s  thought  best  tfl  study  all  these  conditions  in  a  claas  of  ctoseiy 
related  bodies,  the  imido-esters,  with  which  quantitative  measure- 
ments of  all  important  factors  could  readily  be  carried  out.  As  the 
name  impUee,  theae  are  esters  in  which  we  have  an  inude  group 
(:  NH),  replacing  the  oxygen  atom  of  the  ester,  aa  in  imidomethyl  , 
acetate,  CH,C(  :  NH)OCH,.  They  are  markedly  ba«c  substances  | 
which  form  well-delined  salts.  The  free  bases .  for  instance  benzimido- 
esters,  are  very  slowly  decomposed  by  water,  chiefly  according  to  the 
reaction 

C.H»CC:  NH)OCH,-|-H,0 -^ C.H.CONH,  +  CH.OH       (l) 

and  yet  more  slowly  according  to 

C,H.C{;NH)OCH.  +  H,0-»C.H,CO,CH,+  NH,  (2) 

Both  reactions  arc  practically  non-reverable.  The  addition  of 
hydrochloric  acid  enormously  increases  the  velocity  of  the  second 
reaction,  and  it  becomes  almost  the  exclusive  one.  Again  the  question 
arises,  how  does  the  acid  accelerate  the  action.  Of  courae  the  acid 
forms  the  hydrochloride,  but  aa  imido-esters  are  weak  bases  we  have 
in  the  aqueous  solution  partial  hydrolysis  and  a  condition  of  equilib- 
rium according  to 

C.H,C(iVH,CI)OCH,  +  H,Oj±C,H.C(NH,OH)OCH,  +  Ha     (3) 

The  reaction  presents,  therefore,  at  least  three  possibilities.  —  the 
velocity  may  bo  proportionate  to  the  concentration  of  the  salt 
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pT^eut  at  any  momoaf  .or  Lo  that  of  (.be  free  boAe.or  to  cither  indiEter- 
etiitf,  to  the  total  substunce,  as  expressed  in: 

dt  ' 
dx 


■k^  (Salt) 


dt 
dx 


'k,^  (Base) 


--'=*,uX  (Substance) 
dt 

In  order  to  decide  betweea  these  three  poRsibiltties  and  thus  answer 
■^>ur  question,  it  was  necessary  to  determine  two  things exiierimcutally, 
Arat  the  actual  change,  x  in  time  t.  and  »econd  the  prtjportions  of 
salt,  free  ba«e,  and  acid  present  at  any  moment  t.  Tlio  latter  may  be 
determiDed  on  the  basis  of  the  well-known  equation  for  the  solution 
of  a  bydrolyzed  salt,  namely,  according  to  Arrbenius: 
(Positive  Ion)    k^^ 
CB»«c)x(H)   ^k^^,~'^''^'r^ 
The    constant  k  waa  determined    experimentally  by  conductivity 
iQeasUFenaents.  and  with  its  aid  the  conccntratioDs  of  salt,  ba«e,  and 
idd  for  tlie  above  differential  equations  calculated.    The  experi- 
mental results  show  unmistakably  that  the  true  course  of  the  reac- 
tion IB  given  by  equation  (i),  which  alone  leads  to  a  true  constant. 

For  instance,  we  have  among  our  many  results  for  methyl  imido 
beozoate: 

43430  it„„- 246;  246;  256;  23S;  236;  234. 

257;  239;  259;  249;  237;    242;  252;  248. 
43430  Jt„b.,  =  202;   184;   183;   172. 

231;  201;  188;  175;  168;  163;  158;  138. 
100fchM.  =  72;  67;  59;  51;  46;  43. 
58;  49;  44;  41;  35;  33. 

For  the  corresponding  nilrobenzoate  we  have: 
10,000i:^=2&6;  252;  246;  255;  252;  248;  263;  261;  257. 
*343t.„^.=102;  98;  96;  93;  90;  87; 
*i««=l-17;  1.23;  1.01;  0.78;  0.69- 
It   is  therefore  certain  that  hydrochloric  acid,  which  enormously 
increases  the  velocity  of  Baponification  of  the  imido-cstcr  according 
to  equation  (n),  docs  so  simply  and  quantitatively  through  salt 
formation,  as  was  expected.    As  the  experiments  were  carried  out 
in   dilute  solutions  in  which  the  salts  are  practically  completely 
ioniEcd,  it  is  obvious  that  it  is  the  poative  ion  which  is  decomposing 
in  tlie  direction  given  and  t)te  occeleraUon  is  exclusively  due  to  the 
formation  of  more  such  active  or  unstable  ions. 

The  accelerating,  or  lotus  call  it  the  catalytic,  action  of  the  acid 
is  here  surdy  due  then  to  salt  or  ion  formation,  or  in  other  words, 
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totheformationof  a  <iiffercnt,  less  stable,  or  more  reactive  molecule. 
Now  if  this  is  the  corre<:t  expUmition  of  t.he  catulytic  iwition  of  acids, 
it  is  cleiu-  that  by  this  same  suit  or  ion  forming  power,  they  should 
in  certain  cases  retard  notion  insteod  of  aceelerating  it,  provided  the 
ion  or  salt  is  more  stable  thnii  the  froe  ba!«.  That  must  be  an  incnt- 
able  consequence  of  thin  theory,  and  we  have  brought  its  complete 
experimentjil  confirmation  in  work  recently  published  on  the  molecu- 
lar rearrangement  of  certain  organic  banes  according  to 


NH, 


NHCO^H, 


/ 


\  \ 

OCO.CH,  OH 

by  a  shifting  of  a  carbethoxy  group.  The  hoses  arc  oxtrecdingly  veaii 
ones,  and  their  saltji,  again,  are  hydmlyzed  according  to 

NH,CI  NII.OH 

OCO,C,Ht  OCO,C,H» 

Hydrochloric  acid  retards  butdoesnot  prevent  the  rcarrangcnief 
and  it  was  proved  that  it  retard?  it  quantitatively  by  salt  fuiiiiatton 
lutd  that  ttie  velocity  of  the  rearrangement  remains  rigorously  pro- 
portionate to  the  eonccntrntion  of  the  free  base  present  at  any 

moment.  For  inatan«e  thn  velocity  constant  was  found  to  l>e  fc^^^^ 
.Q^OO  at  the  beginning  of  the  reaction,  and  .0.567  at  its  end  ten  hours 
later. 

Neve  these  great  changes  in  speed  of  reaction  are  the  main  chnrac- 
teriatics  of  catalytic  motion ;  and  we  have  in  these  coses  a  very  nimplc 
explanation  of  it.  It  remained,  however,  to  ascertain  whether  tho 
two  other  important  characteristics  for  many  catalytic  reactions  are 
also  in  agreement  with  our  conception  of  salt  foimntinn  when  rig- 
orouiily  applied  —  first,  as  explained  for  the  ciitalyHi.i  of  methyl 
acetate,  the  fact  that  the  catalysing  acid  need  not  appear  to  combine 
with  any  of  tho  reacting  sub^tanrcs,  and  second  the  fact  that  in  a 
reversible  reaction  it  need  not  measurably  change  the  final  condition 
of  equilibrium.  These  point.s  were  tested  by  tho  applicat-ion  of  our 
fundamcntiit  conception  to  the  catiily«8  of  methyl  acetate.  Tho 
intimate  connection  with  the  work  on  the  imido-ethers  is  recognized 
as  follow.'^:  we  found  above  the  velocity  of  saponification  of  imido- 
osters  to  be 

dx 

^  =  kXC8aIt) 

But  according  to  Walker  and  Arrhenius 
(Salt)  =  KX  (Base)  X(H) 
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had  therefore 


— -VX(Base)X(H) 


But  this  is  exactly  the  velocity  equation  for  the  ester  catttIysis,(EflLer) 

being  substituted  for  (Base) : 

dx 

^ -fcX  (Ester)  XCH) 

And  so  if  the  ester  could  form  ealts  witb  acids  its  saponification  could 
undoubtedly  be  due  to  the  snponificfition  only  of  its  salt  or  positive 
ion.  Thia  important  link  in  the  chain  of  argument  has  been  suppliod 
by  Uie  discovery  of  Baeyer  and  others  that  the  esters  do  form  well- 
defined  salts  with  acids,  very  unstable  ones,  but  still  salts.  They  are 
almost  certainly  salts  of  quadrivalent  oxygen  bases  or  oxonium  salts. 
Coehn  has  proved  that  they  are  true  electrolytes  by  showing  that  the 
positive  ion  of  dimethyl  pyrouium  hydrochloride  moves  to  the  nega- 
tive pote  when  the  wihition  is  elei^trolyzctd. 

Now  if  we  etArt  from  the  idea  that  it  is  only  the  postive  ion  of 
methyl  acetate  which  is  saponified  by  water,  we  can  put  for  the  reac- 
tion: 

CH,00,CH,+H,0-»CH,CO^+CH,OH 


fit       "P 


X  (Posit  Ester  Ion)  X  CH,0) 


as  was  proved  experimentally  for  tlie  imido-esters.  Tor  the  combin- 
atioD  of  methyl  acetate  with  water  to  form  an  oxonium  baae  and  for 
the  ionization  of  this  base,  we  bave 

OH 

CH,CO0Cir,+H,0*iCn,C0O^H,Bnd 


OH 
CH,CO0CH,i^CHiC0'OCH,+0H 


If 

{Poait,  Eater  Ion)  =  -^X  (Ester)  X(H) 
K 

By  the  substitution  of  this  value  for  the  concentration  of  the  poei- 
X\v«  68ter  ion  in  the  above  equation,  we  obtain  for  the  \'elooity  of 
saponification  of  methyl  acetate  by  water  alone 

l^«p  =  k„p  X -^i^  X  (Eeter)  X  (H)  X  (H.0) 


2S2 


ORGANIC  CHEMISTRY 


If  wc  odd  hydrochloric  acid  some  salt  muat  be  formed,  which  will 
be  almost  completely  hydrolyxed  accordiog  to 
01  OH 

CH.C0-O-CH.  +  H.O«=sCH,C0-OCH,+HCl 

I  1 

H  H 

Then  according  to  Arrhenius's  cqufttion  for  tydrolyrcd  solutions 
of  salts  of  weak  bases  with  strong  acids  we  have 


if, 


(Posit.  Erter  Ion)  =-^X(E8ter-y)  X  (H') 

For  an  almost  completely  hydrolyzed  salt  the  chaoge  in  the  con- 
centration of  the  ester  will  not  be  perceptible,  y  will  be  entirely 
negligible,  and  we  obtain  then  for  the  velocity  of  saponification  of 
methyl  acetat«  in  the  presence  of  hydrochloric  acid: 


*p(HCl| 


'  *Mp  ^  ■ 


"■tlMO 


X  (Ester)  X  (H')  X  (H,0) 


By  a  comparison  of  the  two  velocity  equations,  for  the  reaction  in 
the  presence  of  water  atone  and  in  the  presence  of  added  acid,  we  find 
that  the  velocity  must  in  faut  increase  directly  proporUouate  to  the 
concentration  of  the  hydrogen  ions,  since  all  other  factors  remain 
unchanged.  This  consequence  of  our  theory  is  evidently  in  perfect 
agreement  with  the  well-known  experimental  results. 

And  now  we  come  to  the  last  important  fact,  namely,  that  tfae 
reaction  is  a  reversible  one,  vh.: 

CH:,C0-0-H  +CH.OH  -*CH,COOCH,  +H,0 
and  that  the  velocity  of  this  reaction  is  also  accelerated  by  the  addi- 
tion of  hydrochloric  acid.  Following  out  our  idea  rigorously,  this 
increased  velocity  under  the  influence  of  an  acid  must  be  due  to  min- 
imal basic  properties  of  acetic  acid  or  methyl  alcohol.  It  could  ea«If 
be  shown,  if  time  permitted,  that  it  is  to  the  basic  properties  of  acetic 
acid  that  we  must  look  in  this  instance.  This  conclusion  is  not  so  sur- 
prising as  it  may  appear  at  first  glance,  we  have  so  many  subatances 
that  axe  both  basic  and  &cid,  and 

01  a 


CHiCOOH  IB  not  more  different  from  CHiCOO'CH, 

I  I 

H  H 

CI  01 

I  I 

than  CH,.O.H  is  from  CH,.O.CH 


H 
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It  may  be  added  that  Rosenheim  from  a  cnmptirison  nf  compounds 
of  acetic  acid  &od  its  eeters  with  motol  chlorides  arrived  by  a  different 
way  at  the  conclusion  that  acetic  ooid  must  form  oxonium  salts. 
Euler  baa  also  decided  that  acetic  acid  must  have  some  bssic  func- 
tioDB.  Applying  Again  this  conception  and  the  lans  of  equilibrium  to 
the  study  of  ihe  velocity  of  esterification,  we  find  the  velocity,  in  the 
absence  of  any  acid,  in  the  same  way  as  was  used  above, 


V 


mt 


't„tX  (Posit. Acetate  Ion)X(CH,OH) 


"iHI  A 


*««l 


J?' 

K" 

Id  the  presence  of  acid: 
K' 


X  (Acet.Acid)  X  (H)X  (CH,Oni 


V« 


.«HC1)  ■ 


fctrtX-E:?r>^(Acet.Acid)X  (H')X  (CH,OH) 


Wc  find  again  that  the  change  in  the  velot-ily  of  esterification  de- 
nttnded  by  the  application  ol  this  theory  is  simply  proportionate  to 
the  change  in  concentration  of  the  hydrogen  ions  —  which  agrees 
with  experience. 

When  equilibrium  is  establiahed  between  the  two  reveratble  reac- 
tioDj  in  the  absence  of  hydrochloric  acid  we  have 


wt> 


or 


K' 


X(EsterjX(H,0)X(H): 


ft     X^' 


bM* 


X  (Acet.Acid)  X  (CH.OH)  X  (H) 


(inspection  of  the  equations  shows  that  we  also  have  then : 

since  according  to  the  equation  juet  given 

*«P=<  %^>^  (E«t«r)  X  <H')  X  (H.O) 

K' 
must  equal  ft^,  X  -r^'^'^X  (Acet.Acid)  X  (Cn.OH)  X  (H') 

A 

In  other  words  the  addition  of  the  catalysing  acid  will  not  affect  the 
ultimate  condition  of  equilibrium  between  ester,  water,  acid,  and 
alcohol. 

We  find  tbus  the  theory  that  acida  may  act  &a  catalytic  agentu 
simply  through  salt  or  ion  formation,  as  proved  by  the  experiments 
with  the  imido-esters  and  the  rearranging  amino  carbonates,  leads  by 
the  rigorous  application  of  our  laws  of  dynamics  also  directly  to  the 
very  facts  in  regard  to  the  catalysis  of  methyl  acetate  which  have  long 
been  known  as  vital  results  of  experimental  observation.  The  three 
important,  characteristic  features  of  the  catalysis  —  a  velocity  pro- 
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portionate  to  the  concentration  of  the  hydrogen  Ions,  the  catalyzer 
apparently  acting  only  by  its  presence  and  not  changing  the  final 
condition  of  equihbrium,  all  are  in  perfect  agreement  with  this  umple 
conception  of  the  nuumer  in  which  the  catalyzer  produces  its  appar- 
ently marvelous  result.  The  future'must  detennine  how  many  of  the 
catalytic  actions  which  are  of  such  fundamental  importance  in  the 
economy  of  organic  life  will  be  capable  of  explanations  equally  simple 
and  quantitative  in  their  ultimate  terms,  however  much  these  tonus 
may  vary  in  details. 
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■dolnnhip,  Johita  HopkiiiH  l'nivt>raitv,  1S81-S2:  student  in  Munich.  1S89, 
Proft^BT of  ChcmiM ry .  linivpraity  nf  TtrimmBer.  IfiS.VSfi;  Pmff««ir(if  Chemia- 
UT.Rioae  PtJ^Uchmc  Institute. 'l88C~)fl03.  Mcitibcrof  Indiana  Academy  of 
Sdencea<Fraaident,  1004);  Ammc&D  Cbcmicai  Society  (I^itor  siiici!  1003,  bec- 
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M'liait-  Jua^otta  OrfanuCtuaaittTfi  Jortht  Lt^taralorif:  Klmmif  oj  t'juaiitaHvt 
Anatjfti*;  Ttxt-bitok  of  Organit  Chtmittry,  krA  mmy  scionliHe  papers] 

Thehb  Is  &  strong  tendeney  on  the  part  of  some  chemists,  at  the 
l:>reBent  time,  to  claim  that  chemical  science  Id  the  true  sen^  Includes 
^ixnly  such  portions  of  our  knov'ledge  as  can  be  stated  in  accurate 
Kn&tberoatical  terms.  One  distinguitihed  represenLalive  of  this  school 
«:^  cbemistry  has  said,  "  It  is  not  in  the  province  of  science  to  explain 
t^faeuomeoa,"  and  another  has  written,  "it  is  not  a  partof  itsuJtimate 
«^b)ect  [t.  e.,  of  natural  scjcnee]  to  acquire  knowledge  in  regard  to 
Xnentaily  conceived  extutcnves,  such  as  the  atumti  of  matter,  or  the 
particles  of  ]uuurtifcrou»  ether,  wluch  ai*  of  guch  a  magnitude  and 
c-haracteras  to  lie  far  Lcyoiitl  the  iiuiil,suf  human  i-uijce|>lion."  I  think 
that  nearly  all  of  tho»e  now  actively  cn^aKcU  in  wcrkinK  over  the 
problems  of  orRanir  chemistry  w<»ulil  tli.ss«nl  strongly  from  theee 
sments.    Long  experience  in  dealinR  with  the  cumulative,  non- 
DUlbenutica [  evidcnee  u|>on  which  our  knowledf^  of  chemical  struc- 
ture is  founded  has  led  to  a  very  firm  conviction  that  human  know- 
ledge is  not  boundetl  by  the  limits  of  sense-perception.    We  are  in- 
clined rather  to  the  view  that,  while  there  are,  undoubtedly,  many 
things  which  will  always  remain  beyond  any  direct  cogaimnce  of 
our  senwe,  yet,  ao  far  as  these  have  a  real  exii^tence,  we  may  in  the 
end  secure,  regarding  them,  very  practical  and  positive  knowledge. 
It  is  impossible  to  conceive  Uiat  those  theories  with  regard  to  struc- 
ture which  have  gnided  the  work  of  thousands  of  chemists  £or  the 
last  6f(y  years  do  not  in  some  measure  express  the  actual  truth 
with  regard  to  atoms  and  their  relalioa  to  each  other  ,in  organic 
cumpotmds. 

Let  UB  follow,  for  a  few  momenta,  in  verj*  brief  outline,  the  steps 
which  have  led  to  the  present  standpoint,  ^o  far  as  the  matters  which 
interest  us  most  are  concerned,  there  was  practically  nt>  knunledge  of 
organic  chemistry  before  the  nineteenth  centurj'.  The  first  steps  were, 
of  course,  the  preparation  of  pure  substances  and  the  development 
of  accurate  methods  of  analysis.  In  both  of  these  fields  Liebig  was  the 
great  master.   The  formulfe  which  were  calculated  were,  at  first,  of 
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little  value  except  to  chock  the  accuracy  of  the  amilyscs  and  ae  a  aim- 
pie  expression  for  empirical  compiisition.  I  nce<i  not  dwell  on  the. 
runfiihion  which  existed  ihroughnut  the  firRt  half  of  the  rcntur}-  bc- 
Cftuae  there  was  no  agreement  b»  to  the  hana  for  moleciilnr  weighta 
or  utomic  weights,  nor  ufjon  the  lur^  part  played  by  the  study  of  or- 
ganic compounds  in  (inuUy  cliirifyiiij;  the  view  of  rhemit«tK  upon  the»e 
matters.  Yet,  in  spit'C  of  this  confusion,  two  diDcoveries  of  funda- 
mental importflncc  dtxte  from  this  period:  (1)  That  the  empiricftl 
I'omposition  nlone  do^  not  fix  the  njtture  of  a  compound,  i.  e.,  th« 
fact  of  isomerism;  (2)  that  certain  groups  of  atoms  may  remain 
together  in  psflnng  from  one  compound  I.0  another  through  a  whole 
series.  The  first  fact  furnishes  one  of  the  stronKefit  reasons  why  an 
empirical  formula  for  an  organic  compound  is  not  enough;  and  the 
second  fact  fumiehes  the  most  important  expcnmcQtal  basis  at  the 
foundation  of  our  structural  formula. 

The  studies  of  this  period  furnisheil  a  knowledRC  of  the  empirical 
composition  of  many  natitrnl  productfi  and  of  the  products  obtained  ' 
from  these  I>y  oxidation,  reduction,  and  the  action  of  various  agents. 
But  while  some  might,  perhaps,  be  inclined  to  look  upon  this  mass  of 
empiric»]  knowledge  aa  the  most  valuable  acquisition  of  that  lime 
and  to  think  that  the  theories  in  voRue  were  so  imperfect  or  erroneoiie 
as  to  he  of  no  value,  such  a  view  ie  cGrtaiuly  superficial.  There  were 
plenty  of  chemists  in  that  day,  too,  who  were  ready  to  decn,'  llieoriea 
which  seemed  to  them  worthless,  and  it  is  interesting  to  read  to-day 
what  the  great  Laurent  said  upon  this  matter.  He  wrote  in  1837 : '  "If 
I  could  believe  that  the  purpose  of  my  work  was  only  to  find  a  few 
new  compounds  or  that  it  would  end  in  my  being  able  to  say  that 
there  is  an  atom  more  or  less  in  this  compound  or  that,  I  would  give  it 
up  on  the  spot.  Only  the  desire  of  finding  an  explanation  for  some 
phenomena  and  of  proponing  some  more  or  less  general  theories  can 
give  me  the  courage  to  follow  a  course  in  which  I  have  found  so  little 
encouragement  and  where  I  have  met  with  so  many  obstacles  to  over- 
come." Any  one  who  has  followed  the  story  of  how  the  older  theories 
of  radicals  paved  the  way  for  the  theory  of  types  and  of  how  the  typi- 
cal formulie  were  so  easily  transformed  into  structural  formula?  when 
the  fact  of  valence  was  once  grasped,  cannot  fail  to  sec  that  the 
larger  and  fuller  view  is  an  outgrowth  from  the  earlier  theories.  And 
we  must  acknowtedgc  that  Laurent  waa  right  and  that  the  theories 
upon  which  he  was  working  were  "f  vastly  more  importance  than 
the  maflA  of  empirical  fact.s  which  furnished  him  with  their  scaffold- 
ing. 

Do  not  misunderstand  me.  There  were  two  theories  of  radicals  at , 
that  time  —  one  which  devised  radicals  in  the  study  which  should 
accord  with  the  electro-chemical  theories  held  at  the  time  and  which  , 
'  ^«n.  4.  Chtm.  CUebigJ,  22,  1«. 
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did  not  attempt  to  secure  evidcoLC  of  tbnir  Rxisbciicc  from  tlic  conduct 
rjf  the  (romptmnds  containing  thciii,  another  which  kept  in  much 
closer  loiich  with  the  fnct«  discovered  in  the  Jaborntory.  It  was  only 
the  latter  theory  whif-h  contributed  much  to  the  growth  of  our  know- 
A  theory  which  rannot  secure  for  itself  a  sound  experimental 
is,  of  course,  of  only  ephemeral  viilue. 
These,  then,  are  the  atepji  which  have  led  to  our  present  standpoint 
[in  organic  chemifitry:  The  discoverj-  of  isomerifim,  the  diaroverj'  of 
rradicaJs,  the  older  radical  theory,  the  theory  of  types,  the  establish- 
ment of  true  molecular  wcifihts,  the  discovery  of  the  fact  of  valence, 
the  del«rmiDation  of  structure. 

I  think  that  all  workers  in  organic  chemistry  will  accept  the  follow- 
iog  as  a  conservative  statement  of  our  present  knowledge:  (1)  That 
in  organic  compounds,  at  least,  eiwh  atom  is  attached  directly  to  only 
a  limited,  small  number  of  other  atoms;  (2)  that  in  the  e/enae  of  the 
order  of  the  successive  direct  attachments  the  structure  of  a  very 
,  large  number  of  compounda  is  known  with  a  degree  of  probability 
that  ainounta  to  practical  certainty. 

This  brings  me  to  the  task  which  has  b«en  set,  an  attempt  to  out- 
line the  problems  which  He  before  us  in  the  further  development  of 
our  science. 

In  the  firat  place,  tliere  is  still  much  to  be  done  to  extend  our  know- 
lodge  of  compounds  found  in  nature.  Thisfieldtsmuchlesscullivated. 
telativcly,  than  was  the  case  sixty  years  ago.    There  haH  been  good 
reason  for  this  becaUKe  of  the  problems  of  absorbing  interest  which 
have  arisen  in  the  preparation  and  study  of  new  compounds  and  in 
the  extension  of  our  knowledge  of  old  otice.    But  there  must  still  re- 
taain  many  compounds  to  discover  araong  both  animal  and  vegetable 
products.     On  tliis  side  organic  chemistry  resembles  the  descriptive 
sciences  of  botany,  zoology,  and  mineralngj'.    And  jii.tt  as  botanists 
think  it  worth  their  while  to  secure  as  complete  a  description  as  possi- 
ble of  the  plants  to  be  found  on  tlie  earth,  so  it  lies  in  our  province  to 
isolate  and  identify  the  carbon  compounds  of  the  animal  and  vcRO- 
tsble  worlds  —  with  the  diffcrciico  that  in  our  cuse  each  compound, 
new  or  old,  may  be  the  start iug-poiat  for  the  preparation  of  an  almost 
endless  number  of  others.   Hut  here  moat  of  us  rccogniic  that  unless 
a  compound  has  some  further  interest  than  thiit  it  is  new  it  is  not 
north  the  time  taken  in  its  preparnlion.  I  am  afraid,  however,  as  we 
look  over  the  pages  of  our  journals,  there  is  too  much  evidence  that 
not  every  one  lives  up  to  this  view.    Our  ever-incrcasinK  army  of 
nascent  doctors  muat  needs  have  something  to  do,  and  it  is  so  cosy 
to  make  new  compounds,  and  so  difficult  to  find  something  new  of 
larger  scope  and  rcnJly  worth  the  doing. 

There  still  remains  much  to  do  in  the  determination  of  the  struc- 
ture of  compounds  which  have  long  been  known.    The  study  of  a 
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sinj^le  compouDd  ort«n  involves  no  incredible  amount  of  work.  Bneytr 
worked  with  indi}(o  for  fifteen  years  Ijeforc  his  labors  were  crowned 
with  a  successful  in-iithesis,  anrl  twenty  years  more  and  the  work  of 
\-ery  many  chemists  were  needed  before  the  scientific  achievement 
could  become  a  commercial  Kucce-s**. 

it  waB  n«arly  twenty-five  years  after  the  first  structural  formula 
was  proposed  for  camphor  before  Bredt  was  fortunate  enough  to 
suggest  the  tnio  nrrangementof  its  atoms, tind  it  was  ten  years  lonper, 
nnd  required  in  all  the  work  of  more  than  fifty  chemists.  Wfore  Bredt's 
suggestion  was  conftrmed  by  Komppa's  beautiful  synthesis. 

More  than  thirty  formula*  were  proponed  for  camphor,  and  those 
who  think  little  of  organic  chemistry  have  some  reason  if  they  say 
that  we  junipnt  conelusions  too  hartily  and  propose  ton  many  formulse 
that  are  mere  ^esees,  Some  might  even  say  that  the  last  formula 
is  not  worth  much,  but  tho»^  who  have  followed  t]ie  matter  know 
chat  step  by  step  we  have  arrived  at  an  almost  positive  certainty 
even  in  this  complex  problem. 

The  final  solution  of  a  problem  with  regard  to  the  structure  of  a 
compound  of  ndtural  origin  is  not  usually  considered  to  have  been 
satisfactorily  attained  until  ilssyntbeHislmxbeenelfeoteil.  Those  who 
have  attempted  work  uf  this  character  know  that  months  or  even 
years  of  work  are  frequently  spent  to  obtaia  the  synthesis  <>f  a  single 
('(impound.  In  spite  of  tht;  wealth  of  ineiluids  at  our  rommand,  —  a 
wealth  so  Kreat  that  it  is  often  very  ditlirult  to  select  between  several 
which  am  equally  unpromising.  —  it  iseviJent  tliiit  these  methods  of 
synthesis  need  improvement  at  many  points.  Not  only  do  wc  need 
new  ami  Iwtter  methods,  but  many  old  methods  rc«[iiire  further  sttidy 
tn  disclose  why  they  succeed  in  some  rases  and  fail  in  others,  and  to 
secure  a  fuller  knowledge  of  secondary  reactions  which  often  occur. 
As  recent  remarkable  achievements  in  this  field  of  in'nthetic  methods 
may  Iff.  mcntinned  the  brilliant  results  obtained  by  (iriKnani  with 
ma^ncaium  rompouiiUs.  Buuveault's  elcj^ant  new  solution  of  the  old 
problem  of  transforming  an  acid  into  the  corresponding  alcohol,  and 
Scheuble'R  reduction  of  the  amides  of  bibnsic  acids  to  the  come- 
aponding  glycoU. 

Work  alouK  the  lines  suggested  needs  to  be  done  in  order  to  fill  out 
and  complete  our  knowledge  in  a  avatemnlic  way,  and  occasionally 
work  alunR  auvh  line^  is  rewarded  by  results  of  epoch-making  signifi- 
cance, as  when  Gomberg  discovered  triphenylmetbyl  in  his  endeavor 
to  prepare  hexaphenylcthanc.  Such  work  is  not  likely,  however,  to 
greatlyadvnnce  our  insight  into  the  real  natureof  carbon  compoimds, 
and  we  all  feel  that  there  are  far  more  fundamental  problems  which 
demand  attention. 

As  outlined  ai)ove.  the  theories  of  valence  and  of  structure  now 
universally  accepted  imply  a  certain  amount  of  knowledge  of  the 
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arrangement  of  atoms  la  spnce.    So  far  as  the  original  and  funda- 
oientjil  conceptions  are  cnnrpmed,  bowever,  this  knowledge  is  quite 
vague.    The  much  more  definite  conception  proposed  by  van  "t  Hoff, 
a,nd  in  a  somewhat  difTerenl  manner  by  Le  Bel,  is,  of  course,  familiar 
Vo  you  all.    In  discussing  Any  hypothma  it  is  idwaya  iiu|N)rtimt  to 
have  clearly  before  us  the  fiicts  upoo  wliich  it  is  baaed.    Aa  I  have 
ulready  hinted,  1  believe  that  the  theory  of  valence  and  the  theory 
of  etructure  in  the  sense  of  n  sequence  of  atoms  within  the  molecule 
nre  supported  by  our  knowledge  nf  sueh  a  vast  apciimulHtion  of  con- 
sistently int«rTe!ated  phenomena  that  we  are  justified  in  believing 
t:hat  we  have  positive  knowledge  with  regard  to  the  structure  of  the 
molectdes  of  organic  rorapound«.    I  am  us  ready  as  any  one  to  dc- 
RUUid  that  every  theory,  no    matter  how  old   or  how  univeraally 
accepted,  sh&U  be  continually  brought  back  to  the  te«t  of  agreement 
■with  experimental  facta,  but  I  am  not  wilting  to  admit  tliat  we  may 
not.in  the  end,  acquire  positive  knowledge  bytheprocessof  inductive 
reasoning. 

Assuming,  then,  the  fact  of  a  knowledge  of  the  sequence  of  alonuj 
in  organic  compounds,  we  have  thin  basiti  for  van 't  HofT't^  hypothema: 
(I)  When  four  unlike  atonafl  or  groupe  are  combined  with  a  single 
carbon  atom,  optical  activity  results  in  such  a  manner  that  there  may 
always  be  found  two  compounds  having  identical  sequence  of  the 
atODU  witliin  the  molecule,  and  exactly  equal  rotary  power,  but  of 
opposite  signs.  (2)  Thai  when  two  adjacent  carbon  atoms  are  com- 
bined each  with  three  unlike  groups,  two  compounds  may  result 
which,  while  optically  inactive  and  having  the  same  sequence  of 
atoms,  still  differ  in  physical  properties.  An  illustration  of  this  is 
found  in  racemic  and  mesotartaric  acids.  (3)  Rings  containing  live 
and  six  atoms  are  formed  with  especial  ease,  those  containing  three, 

four,  and  seven  atoms  less  readily,  and  rings  containing  more  than 

^^^Bven  atoms  are  scarcely  known.    (4)  Derivatives  of  cyclopropane, 
^^clobutane.  cyclopcntanc.  and  cyclohexane  having  two  substitueats 
combined  with  different  carbon  atoms  often  exist  in  two  isomeric 
forms  in  which  the  sequence  of  the  atoms  is  the  same.   (S)  Deriva- 
tives of  etbj-lene  often  exhibit  a  similar  isomerism. 

AEsumingBstniethatwe  have  acquired  a  knowledge  of  the  sequence 

of  atoms  in  carbon  compounds,  the  facta  wliich  I  have  cnuinerutctl 

lead  almost  inevitably  to  the  corol]ar>-  that  the  four  atoms  attached 

to  a  given  carbon  atom  arc  arranged  in  approximate  symmetry 

a.round  the  centre  of  that  atom  for  their  position  of  most  stable 

equilibrium.    The  relation  between  this  conclusion  and  the  theory  of 

the  sequence  of  atoms  in  carbon  compounds,  or  what  is  ordinarily 

imdenitood  as  structure,  is  very  similar  to  the  relation  between  the 

atomic  theory  and  Avogadro's  law.   If  we  accept  the  atomic  thcor>', 

there  seems  to  be  no  rational  escape  from  the  acceptance  of  Avog&dro  's 
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law.  Ill  a  similar  manner,  if  we  accept  the  thcoij'  of  the  sequence 
atoms  in  carbon  compounds,  there  seems  no  rcusonable  posribility 
other  than  that  van't  Hoff'a  hypothesis  is  true  in  its  broad  out- 
lines. 

I  hope  I  may  be  pardoned  here  for  a  brief  dtgreaaion.  I  am  aware 
tbat  Franz  Wald  '  believes  that  he  can  give  n  satiafactor)'  explanation 
of  the  laws  of  Gxed  and  multiple  proportion  and  of  combining  weigh te 
without  the  aid  of  the  atomic  theoo'i  ^nd  that  Professor  Ostwald  in 
his  recent  Faraday  lecture  '  has  accepted  and  expanded  the  same 
thought.  I  will  Hay  frankly  that  their  reasoning  does  not  appear  to 
me  conclusive.  Ostwald  defines  a  chemical  individual  as  "a  body 
which  can  form  hylotropic  phases  within  a  finite  range  of  tempera- 
ture and  pressure,"  '  and  deduces  from  this  the  fact  that  a  given 
hylotropic  phase  must  have  a  fixed  composition.  He  appears  to  forget 
that  the  existence  of  these  hylotropic  phases  implies  that  the  pro- 
perties of  matter  are  discontinuous,  or,  in  other  words,  that  there  is 
a  finite  nunilier  of  hylotropic  bodies,  one  of  the  facts  for  which 
atomic  theory  gives  an  explanation. 

There  ia  another  characteristic,  too.  of  a  chemical  compound  wli 
all  chemists  will  agn;v  is  at  leattt  as  important  as  thai  it  shall  co 
of  a  "hylotropic  phase."  This  is  that  the  compound  mu«l  not  only 
have  a  fixed  composition,  but  this  composition  must  bear  a  deHnite 
relation  to  those  numerical  quuntities  which  represent  the  proportion 
in  which  each  element  of  which  it  is  composed  always  combines 
with  other  elements.  I  need  hardly  add  that  these  numerical  quan- 
tities are  so  deeply  sealed  in  the  properties  of  matter  that,  having 
adopted  a  unit,  uU  chemists  are  absolutely  agreed  in  selecting  one 
and  only  one  such  quantity  for  each  of  the  well-known  eleraentd. 

In  attempting  to  deduce  tliis  law  of  combining  weights  Ostwald 
assumes  that  three  elements  form  the  compounds  AB,  AC,BC,tkXUl 
ABC.  and  adds,  "There  shall  be  but  one  compound  of  everj-  [each] 
kind."  With  this  assumption,  his  reasoning  may  be  sound,  but  1 
fiul  to  see  how  it  applies  when  we  find  ten  thousand  compounds 
ABC  instead  of  one.  The  case  which  he  supposes  is  so  far  theoretical 
that  I  have  been  unable  to  &nd  an  actual  case  where  the  compound 
ABC  can  be  formed,  by  the  union  both  of  AB  with  C  and  of  j4C  with 
B.*    But  I  have  taken  too  much  time  with  a  matter  which  is  aside 

'  ZUchr.  Phm.  Chtm..  24.  (M3,  IS97. 

»  J.  Chtm.  i«c.  (Undoii).  35.  ,106. 

"  fW..  [J.  515. 

*  It  in  qiiito  poMiblc  that  such  on  illiutration  may  t>e  found,  but,  ia  any  rase, 
Pr«fc«*i>f  Ostw/ild's  <i»«iuctiou  cannot  bo  nuLde  to  apply  to  llwi*;  ca»«  in  whicit 
the  poinpound  .1 BC  does  not  exL§t,  nor  to  thoar  ciuu*  whi>r«  the^  compound  .t  BC 
erwviiot,  I'Vi-n  tht-orv'tiiaiUy,  lie  sntjipmu'ii  lo  r-o-nioHt  in  turn  of  a  known  cotiipound 
AB  roinUitu'il  with  C  mid  of  nnotlier  known  oompound  AC  combiuMl  with  B. 
Such  cases  arp  common  because  of  IIil*  (uet  <if  valciiw-.  In  Itn  nimpli'iit  form  tlw 
law  uf  rambiiiing  weights  is  qulttt  IndriicnilFiTil  of  the  exirtonce  of  the  oompound 
ABC  luid  may  bcalatcd  tliua:  If  the  composition  of  two ooinpounda.4it  and  SC 
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from  my  main  purpose.  Before  leaviiiR  this  topic  I  muet  add,  how- 
ever, that  I  have  used  the  phrase  "A%-ogndro'8  law"  ndvisedly,  in 
<;pit«  of  the  fashion  set  by  some  chemists  of  calling  it  Avogadro's 
tiy  pothesis. ' 

I  remarked,  a  few  moments  ago,  that  the  facts  wliich  have  been  out- 
ftined  almoat  compel  us  to  the  acceptance  of  van't  Hoff's  hypothesis 
MB  some  form.    It  is  of  the  utmost  importance  for  us  to  recognizei 
liowovcr,  that  wc  are  here  at  the  very  confines  of  our  present  know- 
_  ledge,  and  that  we  must,  at  every  step,  bring  ourselves  back  to  the 
rigorous  test  of  experimental  fact.    In  accepting  the  hypothesis  we 
sre  not  compelled  to  conaider  iuolei*ule&  a£  set  pieces  of  mechaniBiQ; 
OD  the  contrary,  there  is  strong  reason  for  thinking  that  the  posittone 
aflcumed  by  the  atoms  are  positions  of  dynamic  and  not  of  static 
equilibrium.  While  there  have  been  many  speculations  iu  the  matter, 
we  hove  no  strong  reason  for  assuming,  as  yet.  any  definite  shape 
for  the  carbon  atom,  nor  even  that  there  are  within  it  definite  points 
of  attraction  for  other  atoms.   All  that  seems  to  be  thoroughly  estab- 
lished is  that  for  their  pusitioii  of  most  stable  equilibrium  the  four 
atoms  or  groups  attached  lo  a  given  carbon  atom  arc  arranged  iu 
approximate  symmctiy  around  its  centre.    I  say  ap'prorimate  sym- 
metry because  the  existence  of  compounds  containing  rings  of  three 
and  four  carbon  atoms  demonstrates  that  the  s)-mmetry  is  not 
alw&ys  absolute,  and  makes  it  probable  that  in  eases  where  the  four 
atoms  or  groups  are  unlike  the  symmetry  is  also  imperfect.  So  far  as 
I  am  aware,  no  fact  inconsistent  with  this  fundamental  conception 
IS  known,  while  very  many  facts  alwut  optically  active  and  cyclic 
Compounds  find  in  this  conception  the  only  satisfactory  explanation 
which  has  thus  far  been  given.  It  is  true,  also,  that  many  facts  nith 
i«g&rd  to  optically  active  compounds  indicate  that  when  one  group 
is  exchanged  for  another  the  exact  configuration  is  often  retained, 
Or,  in  other  words,  the  entering  group  takes  the  same  position  with 

ttas  b(wn  itHCTinined,  the  composition  of  a  serim  of  coinpoumit  botwMW  A  and  C 

-CUk  be  pTcdicU-d  nnd  a  compound  which  does  Dot  lieloDg  to  this  scrira  hns  never 

Ujeon  diitco  verted.  A  fttilt  nunc  K'«''fi'l*ti«t<"''""it"f  Hi"^  law,  and  one  wliich  includra. 

w>y  implication,  aJl  of  thoor  fiictn  which  ore  uocd  in  th<r  wlfrtiiin  of  aUmiic  wvjfcbte, 

[aaKivGuabovf.  Id  tiutt  form  it  is  more  pri>p«ilr  called  the  Inwof  ntotiiic  vrvislita. 

'  Two  naaooa  way  be  k>w«  f*Jr  tlua  u«i#!w.  ^j-  own  viow  i»  tiiat  wi-  havf,  by  a. 

lyroecM  of  inductii'e  rruoaJnn,  ncquirt^d  »iich  i>ositiv«  kDowl«dK«  of  the  cTiBt«nr» 

of  atomi  and  molecido*  thnt  the  f<xpi''t**ii^"  "  A^'ngndro'ii  Inw"  i*  fiilly  juutiGud. 

Bvt  even  if  we  admit  the  contentLon  of  those  v^ho  tliink  thut  the  nttmiic  thi>ary 

moat  ahrayfl  temain  an  unproviHl  hyjtothi-sid.  it  is  poaeiblc  to  frame  a  definitioii 

of  tlio  wnrd  noolmilf  which  woulij  1h>  nton-ly  ii  gmicntliicd  Ktab-niKUl  of  tliose 

empirical  faftfl  which  lie  at  l\w  Ubsh  of  out  atomic  and  tnole^'ular  th^-nriiii.  S>ich 

H  iprmraliiod.  empirical  dcfmiLitMi  mtuit,  of  course.  li«  yen'  complex,  bub  it  would 

nr>t  inrliidf  the  concrpi  of  diMTctc  piirticlc»,    Yrt  it  will  \>f-  ilill  tru«  of  thca* 

empirically  defined  molcculte  that  <'riuAl  volitmrsof  gaars  contain  equal  uuiuhera 

UDOer  the  eame  conditiotu)  of  t'Ciniicmture  ami  pruittJure.  For  tnataaoc,  th«  terni 

RratD-inolccuJi;  may  be  ootwidcrml  on  >.  piirvly  cmpiriciU  f^rrwrtdliation,  and  tt  is 

tnui  that  n  f:Tnro-mol«cule  of  one  gw  occiipir*  tho  nunn  volume  ad  a  gram-mole- 

cul«  of  any  other.  Butthi>ij,ineMenoe,  Avogadro'alaw. 
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FR^arJ  to  Llie  other  three  atoms  or  ^oups  us  was  held  by  the  group 
which  was  displaced.  The  nuumer  in  which  it  hue  bficn  possible  to 
work  out,  consistently,  the  complex  relations  between  a  considerable 
number  of  sugars,  gives  a  very  strong  experimental  basis  for  this 
stntement.  On  the  other  hand,  it  is  well  known  that  such  reax-tions 
often  give  racemic  mixtures,  which  indicates  that  a  shifting  of  groups 
with  regard  to  a  centrBl  carbon  atom  takes  place  much  more  eaaly 
Ihan  the  shifting  of  a  group  from  one  carbon  atom  to  another,  at 
least  in  saturated  compounds.  There  are  ali^o  a  number  of  extremely 
interesting  cases  where  a  reaction  gives  rise  to  the  optical  imtipodc. 
Thus  Waldon  lias  shown'  that  l-cIUorBucciimic  acid  is  converted  by 
silver  oxide  into  I-malic  ncid,  while  potassium  hydroxide  converts 
it  into  the  dextro-rotatory  acid.  It  is  evident  that  io  one  case  or  the 
other  there  has  been  a  shifting  of  the  groups.  Again  Aecham  •  ha« 
shown  that  when  d-camphoric  acid  is  heated  with  hydrochloric  anJ 
acetic  acids  it  may  be  about  half  converted  into  1-isocamphoric  acid, 
and  that  Oie  Istler  Buffers  a  similar  transformation.  This  case  is 
more  complicated,  as  a  "cia"  and  "trans"  isomerism  of  cyclic  com- 
poimds  is  involved  as  well  as  the  optical  difference.  Not  many  cases 
of  tbia  character  arc  known,  at  present,  but  such  cases  certainly 
deserve  further  study  and  must  be  reckoned  with  in  considering  the 
question  wo  have  before  us.  Lc  Bet  *  has  already  pointed  out  the  the- 
oreticaJ  siguifieanee  of  Walden's  work. 

While  we  may  feel  that  we  have  comparatively  sure  ground  in  the 
application  of  the  theory  of  van  't  Hoff  and  Le  Bel  to  optically  active 
and  to  cyclic  compounds,  the  case  is  quite  different  when  we  come 
to  the  consideration  of  what  are  commonly  known  us  "double"  Bad 
"triple"  unions.  Professor  Michael  has  done  a  very  great  eer\'ice  to 
chemistry  in  showing  that  the  supposition  of  a  more  or  lossde&nite 
tctrahedral  shape  for  the  carbon  atom  and  of  "favored"  configura- 
tions often  leads  to  conclusions  which  are  at  variance  with  the  fact*. 
Philips  •  and  Blanchard  '  and  myself  have  found  a  case  in  which  the 
addition  of  hydrobromic  acid  to  an  unsaturated  compound  produces 
an  optically  active  l)ody  which  evidently  has  the  same  configuration 
as  the  amino  and  hydroxy  acids  from  which  the  \msuturatcd  body  is 
formed  by  the  loss  of  ammonia  or  of  water.  We  have  bcrc,  apparently, 
a  potential  asyramctry  occasioned  by  the  double  union  which  it  i» 
difficult  to  rceonciie  with  the  prevailing  conception  of  such  unions. 
This  case  is  complicated  by  the  presence  of  a  second  asj'mmetric 
carbon  atom  in  the  molecule  and  is  worthy  of  further  study.  Rube  and 


>  /fer.  d.  Chfn.  Ge».  32, 1866  (1800). 
»  Ibid.  27.  2004. 

•  /.  Ckim.  nm.  2.  3.14  (1904). 

•  Am- Chan.  J .  Z\.  i2&. 

•  md.  20,  281;  27,428. 
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BUlmann  '  have  rcccutly  described  a  similar  case,  but  very  few  in- 
stanees  of  this  kind  are  known. 

Pfeiffer  *  has  recently  BUggeatntl  a  new  interpretation  of  van  't 
Hoff's  hypotheaH  as  applied  to  unHatumted  compounds.  Pfeiffer 
aasumcs  that  unsaturated  rnmixtiindn  retain  esnentiully  Ibc  aame 
configuration  as  the  suluruted  conipounds,  from  wbith  they  are 
derived.  On  this  Bido  tiis  inlorprctatJon  is  closely  related  to  the  old 
theory  of  free  valence.?,  which,  if  I  understand  him  correctly,  is  favored 
by  Professor  Michael.  Pfeiffer  also  brings  his  interpretation  into  a 
close  relationship  to  Werner's  theory  of  inorganic  metallic  conipoiinda. 
The  most  serious  objection  to  the  theory  is  that  it  supposes  the 
exiotcucc  cither  nf  irivaletit  carbon  atoms  or  of  free  valences,  in  ethyl- 
ene and  its  derivatives,  an  objection  which  has  appeared  to  most 
chemists  very  stronR  in  the  past.  Ifeifler  points  out.  it  is  true,  that 
BiDce  the  discover^'  of  triphenylmetliyl  wo  (.'an  no  longer  deny  the 
poBfflble  existence  of  a  trivalent  carbon  atpra.*  It  would  seem,  how- 
ever, that  the  great  difference  between  the  intense  chemical  activity 
of  triphenylmethyl  and  the  comparative  inactivity  of  ethylene 
demonstrates  that,  if  the  latter  does  in  reality  have  free  valences, 
the  fact  that  there  arc  two  such  valences  reduces  the  activity  of  each 
enormously.  The  inactivity  of  carbon  monoxide  may  bo  significant 
in  this  conticctioD. 

A  more  mrious  objection  to  Pfeiffer's  hypothesis  lies  in  the  fact 
that  he  supposes  so  slight  a  difference  in  the  configuration  of  fumuric 
ami  of  racemic  acids  that  it  is  difhcult  to  see  why  the  former  as  well 
as  the  latter  might  not  be  split  into  a  pair  of  optically  active  bodies. 

We  must  admit,  then,  that  we  have,  at  present,  no  satisfactory 
theory  of  double  and  triple  unions,  and  that  we  have  hero  a  problem 
which  demands  a  large  amount  of  further  work  before  it  is  solved. 
When  the  solution  is  reached  we  shall  probably  gain  a  new  insight  into 
the  perennial  question  of  the  structure  of  benzene,  and  our  knowledge 
of  tautonierism  will  cease  to  be,  as  it  is  at  present,  almost  purely 
ampirical.  It  i»  possible,  perhaps  probable,  that  Thiele's  "conjugated 
double  unions"  will  contribute  toward  the  solution. 

While  I  have  no  comprehensive  theory  with  regard  to  double  imions 
to  advance.  I  will,  with  a  good  deaJ  of  hesitation,  ventw%  to  express 
some  thoughts  with  regard  to  the  combination  of  atoms  in  general 

'  Amt.d.  CfcTn.  (I.ipbig).  332,  25. 

'  Zmekr.  Phf/9.  Chiw.   43.  40. 

*  T)i«fac1  that  tniilii-ny)ini-thvlcxiiit«t  as  B  doubled  moleculo  in  solution  should 
not,  I  think,  ii'xd  tm  Ui  diwiird  tiic>  Tiicinomoloeular  foniiulu  for  it  iiny  iixin'  lliaii 
ve  convidrr  thnt  ncctic  acid  hiu,  in  tlic  ordloary  »aae  of  Etntrmrr.  n  rloiiblrd 
molncute  becauMr  it  exists  aa  a  dtniIiluU  DanL-culi!  in  sotutlou  in  ircnzciiv  or  in  the 
state  of  vapur  juHt  nlmw  itft  l>fni  llnic-point,  nor  bccMue  U  foniuucid  ool b.  In  these 
K»iK9  tlw  chrmictU  ^^-idcoco  appears  to  be  more  Usportut  asd  mora  conclueiw 
than  tiM  physical.  It  is  prul>ablc  ilitkt  the  doubled  pbrmcal  txkoleculo  W  the  remit 
of  foroea  which  do  not  pVaduo«  a  stable  structure  io  the  ordinary  sense. 


2S4 


ORGANIC  CHEMISTRY 


which  have  some  bearing  on  this  quenlion.  We  are  all  familiar  with 
Faraday's  law,  that,  if  a  current  of  electricity  is  passed  through 
a  numbt'F  of  cells  filled  with  wilutiona  of  diflercnL  eleclrolytcs  arnJ 
urrunged  in  series,  exactly  equivalent  nmounta  of  the  various  coni- 
|>onent8  will  be  liberated  ut  the  electrodes  in  the  successive  cells. 
The  beautiful  experiments  of  IVofessor  T.  W.  Richards  have  demon- 
strated that  wc  arc  dealing  here  with  a  law  which  is  true  (or  different 
solvcnt^i  and  over  a  wide  range  r>f  temperature;  and  aim  that  the  law 
is  true  with  a  degree  of  absolute  accuracy  which  i«  of  the  same  order 
as  the  luws  of  the  combination  of  elements  by  weight.  We  arc  com- 
pelled, then,  to  belie%-e  that  there  is  a.ssnciated  with  each  valence  of  an 
ion  as  it  is  transported  throui;;h  a  solution,  or  at  least  as  it  scpiLrate? 
at  an  electrode,  a  quantity  of  electricity  which  is  invariable  and 
inde|»ndcnt  of  the  nature  of  the  ion.  In  other  words,  we  have  here 
n  natural  electrical  unit  which  can  be  defined  in  its  relation  to  atomic 
weights  with  a  degree  of  accuracy  which  seems  to  be  limited  only  by 
the  refinement  of  our  manipulations. 

It  \s  not  always  recognii:ed  as  clearly  as  it  should  be  that  this  unit 
quantity  of  electricity  which  is  aaaociated  with  one  valence  of  any 
ion  is  not  a  unit  of  electrical  energy.  If  it  were,  the  sftoio  energy 
would  be  required  to  decompose  the  equivalent  quantity  of  one 
electrolyte  as  of  every  other,  which  is  manifestly  not  true.  While  the 
flame  current  causes  the  separation  of  equivalent  quantities  in  the 
different  cells,  the  differences  of  potential,  and  so  the  amounts  of 
energy  required  for  the  separation,  v&ry  greatly.  It  is  evident  then 
that  when  we  say  that  a  unit  quantity  of  electricity  is  associated 
with  each  valence  of  every  ion,  wc  do  not  use  the  term  quovlity  in 
the  sense  of  quantity  of  electrical  energy.  Instead  of  tliis,  when  this 
conception  of  a  unit  quantity  nf  electricity  in  exaniined,  it  will  be 
seen  that  it  is  a  conception  of  sometldng  whose  properties  are  Iboee 
of  matter  rather  than  those  of  energy'.  The  facts  appear  to  be  con- 
sistent with  the  idea  that  the  unit  quantity  of  electricity  of  which 
we  are  opeaking  is  of  a  material  nature,  and  you  have  doubtless 
already  perceived  that  I  have  the  thenrj-  of  electrons  in  mind.  The 
ingenious  experiments  of  .).  J.  Thomson  have  given  us  considerable 
reason  for  thinking  that  the  negative  electrons  are  capable  of  an  in- 
dependent  existence  and  have  also  given  a  probable  estimate  of  their 
mass,  which  is  small  in  compariaon  with  the  masa  of  the  hydrogen 
atom. 

It  has  been  cu.^tomary  to  think  of  the  unit  charge  of  electricity  as 
Ijeing  involved  only  in  those  reactions  which  occur  in  solution.  If, 
however,  we  accept  the  theory  of  electrons,  it  ia  evident  that  the 
electrons  muflt  lie  present  in  the  molecule  of  an  clcctnilytc.  no  matter 
Inwhat  manner  it  is  formed.  It  is  but  a  step  further  to  the  conclusion 
that  the  electrons  are  involved  in  every  combination  or  separation 
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)f  atoms,  and,  indeed,  may  be  the  chief  factor  ip  chemical  combin- 
ation. 

Profcsaor  KohJcnbcrg  '  has  ehown  that  a  practically  instantaaeoua 
reaction  takes  place  betwecQ  hydrochloric  acid  and  copper  oleate  in 
a  solution  in  drj'  benzene,  although  the  solution  does  oot  conduct  an 
electric  current  and  there  is  no  evidetK^c  of  the  dissociation  of  cither 
the  copper  oleate  or  of  the  hydrochloric  acid.  Professor  Kahlenberg 
points  out  very  justly  that  there  is  no  apparent  differeni-e  Iwtween 
these  reactions  and  those  which  take  place  in  aqueouH  solutions,  where 
ire  have  much  independent  evidence  of  the  existence  of  )on&.  He 
dnvn  the  conclusion  that  no  ions  exist  in  cither  ca«j.  It  would  seem 
that  ve  arc  equally  justified  in  supposing  that  a  substance  not  already 
in  the  form  of  ions  may  scparato  into  them  under  the  influence  of 
a  second  substance  with  which  it  can  reart. 

Some  time  ago  Mr.  Lyon  and  myself  *  showed  that  the  primary 
reaction  between  chlorine  and  ammonia  gives  nitrogen  tri-chloride, 
nitrogen,  and  hydrochloric  acid,  and  that  these  products  arc  formed 
in  such  proportion  as  to  lend  to  the  conclusion  that  three  mnlcciiles 
of  ammonia  react  simultaneously  with  six  molecules  of  chlorine.  It 
was  pointed  out  at  the  time  that  the  simplest  explanation  of  this 
result  is  to  l:>e  found  in  supposing  that  chlorine  atoms  .separate 
during  the  reaction  into  positive  and  negative  ions,  while  the  ammonia 
separatoe  partly  into  positive  nitrogen  and  negative  hydrogen  and 
partly  into  negative  nitrogen  and  positive  hydrogen."  This  hypothesis 
bas  met  with  some  approval,*  but  has  also  received  the  criticism 
that  such  a  dissociation  as  is  supposed  would  result  in  the  spon- 
taneous decomposition  of  ammoDia  into  nitrogen  and  hydrogen.' 

»  /.  Pkjf.  Chem.  8,  I. 

>  J.  Am.  Chem.  Soc.  23,  4«). 

*  31iui  w«*  repraMoled  graphirally  thus: 
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This  criticism  loses  ila  force  if  we  suppose  tliat  tlie  separation  into 
ious  takes  pitice  only  under  tlic  imniedifltc  iriQuence  of  thp  clilorine 
with  which  the  ammonia  reacts.   It  has  bt-cu  pointed  out  hy  many  ; 
different  authors  '  that  a  separation  of  atoms  from  each  other  murt'l 
occur  either  before  or  at  the  Rame  time  that  they  enter  into  com* 
binatinn  with  other  atoms.     The  only  part  essentially  new  in  the ' 
hypothesis  proposed  is  that  this  separation  is  into  positive  and 
negative  parts  and  that  the  samo  atom  may  be  sometimes  poxitive 
and  sometimesnegative.  The  idea  of  adiaaociatioa  which  occurs  under 
the  influence  of  a  reacting  aubstanco  appears  to  be  implied  in  a  pail 
■  of  Professor  Nef 's  discussion  of  methylene  diRsociation,  but  it  is  not 
always  clear  whether  he  has  in  mind  chiefly  a  dissociation  of  this 
sort  or  one  which  is  inde])endent  of  the  interaction  of  different  com- ; 
pounds. 

Tlic  Lhoui;ht  that  the  same  atom  may  he  at  one  time  positive  and  .j 
at  another  time  negative  is  related  to  the  older  electrochemical  theory 
which  supposed  water  to  be  positive  in  acids  and  negative  in  bo^cs. 

We  assume,  then,  that  in  every  combination  of  atoms  each  union 
involves  an  attraction  between  the  positive  and  negative  clcctrona  1 
which  are  associated  with  the  two  atomii  that  unite.    In  s&ylng  this 
I  do  not  lose  sight  of  the  fact  that  such  a  thing  as  attraction  per  »e, 
in  the  sense  that  one  body  can,  influence  another  at  a  distance  with-  , 
out  an  intervening  mediuni,  is  apparently  inconceivable.    I  think 
of  the  attraction  as  probably  caused  by  some  motion  of  the  electrons 
which  enables  them  to  act  on  each  other  through  the  nid  of  the  ' 
ether.  It  is  convenient,  however,  to  speak  of  this  efl'ect  as  an  attrac- 
tion, since  our  conception  of  its  real  nature  in,  of  necessity,  very  , 
vague.  One  advantage  of  the  idea  that  the  attraction  of  the  electrons  I 
is  of  a  kinetic  nature  is  that  we  may  conceive  of  the  same  electron  " 
as  becoming  poisitive  or  negative,  according  to  the  nature  of  ita 
motion.  i 

The  common  conception,  at  present,  is  that  an  atom  which  has  lost 
an  electron  becomes  positive,  while  either  the  electron  in  its  indc- 
pendent  existence  or  the  atom  to  which  it  is  attached  becomes  nega- 
tive.   So  far  as  I  am  aware,  it  has  not  been  pointed  out  that  this  , 
view  leads  to  the  conclusion  that  the  same  atom  must,  under  different 
conditions,  have  a  different  weight.    Thus  a  bivalent  copper  atom. 
which  has  lost  two  electrons  must  weigh  less  than  a  univalent  copper 
atom,  which  has  lost  only  a  single  electron.   It  is  true  that  our  metb-  i 
ods  of  determining  atomic  weights  arc  scarcely  accurate  enough  to  I 
detect  differences  of  this  order.  The  suggestion  which  is  made  is  that  ' 
the  electrons  of  two  atoms  which  are  united  have  motions  which  ' 

I 

correspond  to  positive  and  negative  charges,  respectively,  and  that 
when  the  atoms  separate  these  motions  may  be  retained,  or  lost  a3 

'  See  Erleutneyer,  Jr.,  Ann.  CA«m.  (Liebig).  316,  &0. 
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in  the  CM6  of  ft  mercury  atom  which  is  uncombioed,  or  that  the  mo- 
tions may  be  reversed.  In  aceordanco  with  the  hypothesis  outliDcd 
above,  we  must  assume  that  when  two  atoms  separate  either  one 
may  become  positive ;  dependent  partly  on  their  nature,  partly  on 
the  nature  of  the  reacting  substance.  The  conception  here  proposed 
it  that  of  something  very  eiimlar  to  the  action  of  the  pole  of  a  magnet, 
which  may  attract  another  pole  of  the  opposite  kind,  or  induce  the 
formation  of  a  pole  of  the  opposite  kind,  or  it  may  reverse  the  polarity 
of  another  magnet.*  This  is,  perhaps,  simpler  than  to  suppose  the 
transfer  of  an  electron  from  one  atom  to  another  in  those  cases  where 
the  electrical  charges  of  the  atoms  are  reversed  in  the  ionization. 
A  very  accurate  determination  of  the  atomic  weight  of  cupric  copper 
u  compared  with  that  of  cuprous  copper  might  possibly  decide  be- 
tween the  two  hypotheses. 

It  should  be  noted  that  the  hypothesis  that  the  electrical  charges 
associated  vjith  the  atoms  are  of  a  kinetic  nature,  and  that  these 
charges  may  be  transferred  without  gain  or  loss  of  matter,  is  quit« 
independent  of  the  first  hypothesis,  which  is  that  the  atoms  are 
ionized  when  they  separate  from  each  other  and  that  the  same  atom 
may  become  either  poailive  or  negative. 

In  following  farther  the  thought  of  the  attraction  between  elec- 
trons as  the  cause  of  chemical  combioaiion,  we  must  suppose  that 
in  addition  to  the  effect  of  this  attraction  in  holding  together  the 
atoms  which  are  immediately  attached,  there  is  a  residual  effect 
upon  other  atoms  within  the  molecule.  This  gives  a  rational  explanar 
tion  of  the  very  great  difference  in  the  stability  of  the  union  between 
carbon  atoms  in  different  compounds  as,  for  instance,  the  instability 
of  acetic  acid  in  comparison  with  butyric  acid,occatiioned  by  thesub- 
stitution  of  an  oxygen  atom  for  two  hydrogen  atoms  of  the  latter. 
The  study  of  organic  compounds  has  given  us  a  knowledge  of  a  large 
number  of  cases  of  this  sort,  and  our  text-books  contain  many  em- 
pirical rules  about  them;  but  there  have  been  few,  if  any,  attemptd 
to  give  for  such  facts  any  rational  explanation. 

]n  considering  double  unions  three  explanations  suggest  themselveR: 
(1)  We  may  suppose  with  Pfeiffer  that  such  unions  are  in  reality  iiingle 
unions  and  free  valences.  In  this  case  the  presence  in  adjacent  car- 
bon atoms  of  positive  and  negative  electrons  which  arc  unccimbincd 
would  reduce  the  attraction  of  each  for  the  electrons  of  another 
molecule,  thus  explaining  why  two  free  valences  are  so  much  less 
active  than  a  single  one.  (2)  We  may  suppose  that  the  carbon  atoms 
are  in  reality  doubly  united,  but  that,  owing  to  the  localization  of 

^  Thic  it.  of  courao.  only  an  snalc^  and  imist  not  be  prvtsed  ton  fnr;  just  M 
the  electrical  eharR**  oi  atDin^  tii  iuns  ec'tiduct  tlti-mselvea  very  differently  Irom 
Ihoae  of  maMca.  Thr  latU-r  diviili!  ttii-i»Hclvea  Ix^tn-i'm  tw»  bcxjlis  in  contact;  lite 
Utrmta  may  be  tnmafcnYil  complettlji  from  one  ton  to  another. 
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the  ©loctrona  in  definite  parts  of  the  carbon  atoms,  the  four  electroM 
involved  cHnnot  approach  &»  near  to  each  other  as  is  the  cose  in  a 
single  union.  This  is  Baeyer'5  theory  of  strain,  and  is  much  t>etter 
in  accord  than  is  the  theory  of  free  valences  with  the  fact  that  cycio* 
propane  and  propylene  appear  to  be  about  equally  unsaturated,  as 
evideaced  by  their  heats  of  combustion  and  by  their  conduct  toward 
bromine.  On  the  other  hand,  it  eoems  to  lead  logically  to  conclusions 
with  regard  to  the  addition  of  bromine  to  triple  unions,  which  Pro- 
feeaor  Michael  has  shown  are  contrary'  to  the  facts.  (3)  \Mthout 
a  condition  of  strain,  we  may  suppose  that  the  presence  of  both  a 
positive  and  a  negative  electron  in  each  of  the  atoms  united  by  the 
double  union  causes  a  lessening  of  the  attraction  of  the  electrons. 
This  wotild  result  in  such  a  union  being  less  stable  than  a  single  union. 
The  second  and  third  views  appear,  at  present,  most  in  aoeord  with 
the  (acts  —  possibly  the  truth  lies  in  soiiie  combination  of  the  two. 

Wlistcver  view  we  may  take,  it  is  noteworthy  that  double  unions 
are  usually  formed  by  the  loss  of  a  positive  and  negative  atom  or 
group  from  adjacent  carbon  atoms,  as  hydrogen  and  hydroxyl  or 
hydrogen  and  bromine.  It  is  also  true  that  in  many  double  unions 
one  of  the  carbon  atoms  is  more  positive  than  the  other,  causing  the 
addition  of  halogen  acids  in  a  (lelintte  manner  which  may  be  pre- 
dicted in  accordance  with  MichaePs  "positive  negative  law."  Apply- 
ing tliin  thought  to  conjugated  double  unionSr  wc  itRC  that  of  the  four 
atoms  involved  the  two  central  ones  are  likely  to  be  positive  and 
negative  respectively  and  ncutralii^c  each  other's  attraction  for  out- 
side atoms,  while  an  iotcnaficd  attraction  for  outside  atoms  would 
be  found  in  the  exterior  atoms.  The  effect  may  be  analogous  to  that 
of  the  attractive  forces  of  a  magnet  which  exhibit  themselves  chiefly 
at  the  ends. 

But  T  have  permitted  myself  to  wander  much  farther  in  the  field  of 
speculation  than  was  my  first  intention  —  fiuthcr  than  is  at  all 
prolital}lc,  I  fear,  for  these  questions  furnish,  at  present,  few  points 
for  experimental  study,  and  speculations  divorced  from  experiment 
have  usually  been  profitless.  I  should  be  very  sorry  if  what  haa  t>een 
said  should  give  encouragement  to  such  speculations.  On  the  other 
hand.  I  have  a  very  firm  convictJon  that  we  shoxild  not  be  content 
with  rounding  out  organic  chemistry  as  a  descriptive  science,  nor  e^-en 
with  adding  to  the  numberof  empirical  rules  whichenableus  to  predict 
certain  classes  of  phenomena.  We  must,  instead,  place  before  our- 
selves the  much  higher  ideal  of  gaining  a  clear  insight  into  the  nature 
of  atoms  and  molecules  and  of  the  forces  or  motions  which  are  the 
real  reason  for  the  phenomena  which  we  study.  When  we  consider  the 
progress  which  has  been  made  and  the  knowledge  of  structure  we 
now  possess,  which  would  have  appeared  sixty  years  ago  to  lie  be- 
yond the  limits  of  possible  acquirement,  it  is  not  presumptuous  to 
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think  thai  a  more  complete  knowledge  of  these  queations  will  at  some 
time  be  gained.  This  fuller  knowledge  will  take  account,  too,  of  many 
lines  of  work  upon  which  I  have  no  time  to  dwell,  such  as  the  question 
of  changing  atomic  volmne  to  which  Professors  Richards  and  Traube 
have  directed  our  attention,  and  the  knowledge  of  heats  of  combiia- 
tion,  of  molecular  refraction  and  dispersion,  of  color,  viscosity, 
dielectric  constants,  and  other  physical  properties.  The  future  must 
give  to  us  a  new  theory,  or  a  devdopmentof  old  ones,  which  shall 
include  all  of  these  phenomena  in  one  comprehensive  view. 
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Pbov>880B  Oswald  Schbxinsb,  of  the  United  States  Department  of  Agricul- 
ture, read  a  ofaort  paper  on  "  A  Study  of  the  Sesquiterpene  Class  of  Hydrocar> 

boDB." 
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nology. 
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The  ChaJnnfln  of  the  Section  of  Physical  Chemistry  wns  Professor 
Wilder  D.  Bancroft,  of  Cornell  Univereity,  wbo  opened  the  work  of 
the  Section  with  the  following  remarks: 

"Twenty  years  ago  physical  chcnjjstry  was  not  recogniaed  aa  a 
subdivision  of  chemistry.  To-day  nearly  every  larger  imivcraity  in 
this  country*  haa  a  ch&ir  of  physical  chemistry,  and  we  have  our  regu- 
lar place  on  the  I^ogramme  along  with  inorganic  and  organic  chem- 
istry. In  fact.  Professor  Clarke  in  ins  address  rather  implied  that 
physical  chemistry  now  domiuntes  the  whole  of  chemistry.  Certain 
it  is  that  physical  chemists  are  much  in  demand  at  this  Congress  and 
that  to  hear  them  all  you  muBt  go  to  many  Sections.  Van 't  Hoff  Is 
to  speak  to  you  here  this  morning,  Arrhcnius  delivers  an  address  the 
next  hour  before  the  Section  of  Geophysics,  Ostwald  is  to  speak  tht« 
afternoon  as  a  philosopher,  while  Sir  William.  Ramsay  was  one  of  the 
chief  speakers  yesterday  before  the  Section  of  Inorganic  Chemistry. 

"  In  addition  to  the  two  longer  addresses,  our  Programme  includes 
shorter  papers  on  the  chemical  affinity  between  solvent  and  solute, 
on  the  chemistry  of  liquid  ammonia,  on  transference  in  acetic  acid 
solutions,  and  on  the  application  of  physical  chemistry  to  agriculture. 
The  first  address  is  on  the  history  of  physical  chemistry  by  the  man 
who  made  that  history  poasible,  Professor  van'tPIoH  of  Berlin." 


THE  RELATIONS  OF  PHYSICAL  CHEMISTRY  TO  PHYSICS 
AND  CHEMISTRY 

BY   JACOBUS   HBNRICVB   VAN  'T  HOFP 

[Jftcobus  H«nncus  vaa't  Hoff,  Mcmtx-r  of  tho  Ar.iulrmy  of  ijciencM,  IWtin;  OkU- 
ii»ry  Honoraiy  Profwsor.  Univereitv  of  Berlin.  Gormanj'.  b.  August  30, 1852, 
Rotterdam.  Ph.D.  Polyteclmjc  Solioo),  Delft;  M.D.  University  of  Utredil; 
LL.D.  Uiiiventitv  of  Cliicagfo;  Und.  Hnrviml  (j'nivvniiLy.  Honorarv  ooufm, 
Gricfiiwitld  and  Irtrwlit.  Tutor  in  Clinicg.  Veterinarv  School.  Utrectt.  187IW 
78;  Proftasor  in  Chemistry,  Minaralocy  andfi«o!«)gy,  Oiiivt^rsitv  of  Amsi^-rdam, 
l87S-t)0,  Slcniiieruf  v(iri<iiiM««'ictir(i  in  Aiiist*rdujn,  BiiJcigiin.diiriflltaniiu,  Dp!/i. 
Erlaiijci-n.  Frnnk/iirt,  GrtttinKcu.  Ddtdviii,  CopnnlioKen.  Lund.  Mexico.  New 
York, Philadelphia,  Rottorduu.  St.  Pctcraburg,  Turin,  Utrocht.  Vieona,  Voiuoe. 
Wmhiiigton.] 

AccoHDiNO  to  the  rrogramme,  I  have  to  consider  the  "OeDeral 

Principles  and  FiindameDtuI  Conceptions  which  connect  Physic&I 
Chemistry  with  the  Related  Sciences,  reviewing  in  this  way  the 
development  of  the  science  in  question  itself." 

Let  me  begin  by  defining  physical  chemistry  as  the  science  dcvot«d 
to  the  introduction  of  physical  knowledge  into  chemistry,  with  the 
aim  of  being  useful  to  the  Utter.  On  this  basis  I  can  limit  my  task  to 
the  relations  of  physical  chemistry  to  the  two  sciences  it  unites, 
chemistry  and  phyajcs. 

But  even  if  I  limit  myself  to  these  relations,  which  are  not  the  only 
two,'  I  wish  to  restrict  myself  yet  more,  in  order,  in  the  spirit  of  this 
Congress,  to  call  your  attention  to  broad  views.  So  I  shall  follow  up 
only  two  lines,  in  answering  two  questions  regarding  two  fxinda- 
mental  problems  in  chemistry:  (1)  What  has  physical  chemistry 
done  for  our  ideas  concerning  matterT  (2)  What  has  it  done  for  our 
ideas  concermng  affinity? 

The  small  table  which  I  have  the  honor  to  put  before  you  will 
enable  us  to  answer  thcae  questions  by  appeal  to  the  scientific  develop- 
ment of  our  science,  which  also  I  have  to  review: 


I. 


I.  Ideas  concerning  Metier 

(1)  Lavoisier,  Dalton  (1808). 

(2)  Gay-Lussac,  Avogadro  (i8U). 

(3)  Dulong,  Petit.  Mitscherlioh  (1820). 

(4)  Faraday  (IS32). 

(5)  Bunsen,  Kirehhoff  (1861). 

(6)  Periodic  System  (1869). 

'  In  Chicago  I  devoted  to  tli  ift  subject  eight  lectured,  which  hare  since  appeand 
in'the  Dvcrnniid  Puhlicntiotu  under  the  title  '  Physical  ClietDtstry  in  the  Scrvioe 
of  tboJScicDcca, '  Chic-itgo.  1903. 
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(7)  Past«ur  (1853),  Stereochemistry  (1874), 

(8)  Kaoult.Arrhcniua  (1886-87). 

(9)  ItAiiioiicttvjty  (Becquerel,  Curies). 

II.  ldea$  concerning  Affinity 

(1)  Berthollet,  Guldberg.  Waage  (1867). 

(2)  Borzelius,  Helmholta  (18S7). 

(3)  Mit8cherlich,Sprmg(1904). 
(1)  Doville,  Debray,  Bertbclot. 

(5)  Thomson,  Bertbelot  (1895). 

(6)  Horstmann,  Gibbs,  Hetmholtz. 

I.  Phyncal  Chemistry  and  our  Ideax  concerning  Matter 

The  Coneeptt  of  Atoma  and  Moltcultt.  Regarded  aa  a  whole,  wo 
Olfty  say  that  the  initial  appHeation  of  physical  knonledge  for  the 
purpose  of  developing  our  ideas  of  matter  consisted  chiefly  in  the 
employment  of  physical  methods  and  inatnimentB  in  the  study  of  the 
properties  of  matter.  This  stood  foremost  in  physioal  chemiBtry  in 
the  first  period  of  its  existence. 

Reviewing  the  history  of  chemistry,  we  muat  acknowledge  that  one 
of  tbe  fiTBt  fundamental  ctepa  waa  made  by  the  study  of  the  physical 
property  of  weight,  and  the  introduction  of  a  physical  instruraent, 
the  balance,  for  this  purpose,  It  was,  in  large  part,  on  this  basis  that 
Lavoisier  was  the  great  innovator  of  chemistry ;  and  it  was  due  solely 
to  the  following  of  chemical  change  with  the  balance  that  cbemi-stry 
^t  its  fundamental  laws  of  constant  weight  and  of  constant  and 
multiple  proportions.  These  were  summarized  by  Balton  in  the  fruit- 
ful though  hjiiothetical  conception  of  atoma,  which,  as  Is  well 
idiown  to  you  all,  asserts  that  every  element  exists  in  the  form  of 
staall  unchangeable  particles,  identical  for  a  given  etementj  but 
differing  with  the  latter. 

As  the  study  of  weight  led  to  the  idea  of  atoms,  so  the  study  of 
another  physical  property,  that  of  volume  and  density,  led  to  our 
idea  of  molecules.  These  molecules,  which  might  be  described  as  con- 
stellations of  atoms,  were  a  necessity  with  Dalton's  conception;  but, 
in  a  binary  compound,  for  instance,  they  might  consist  of  two  atoms 
or  of  twenty.    Now,  it  hardly  needa  to  be  recalled  that  Gay-Lussac, 
and  especially  Avogadro,  in  following  the  volume  relatione  of  gases 
in  chemical  action,  drew  the  conclusion  that  the  molecules  of  gases 
occupy  equal  volumes  under  identical  conditions.    Thenceforward 
we  had  a  reliable  method  for  determining  tho  relative  weights  of  such 
molecules. 

As  the  study  of  the  physical  properties  weight  and  volume  led  to 
the  concepts  of  atoms  and  molecules,  so  sharply  deSned  that  the 
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relative  wdghle  of  these  entities  form  the  fundamentnl  constants  of 
chemistn.-,  so  a  further  study  of  physical  properties  has  led  to  broad 
gciifraliaations  concerning  the  nature  of  atoms  and  molecules,  which 
vrc  shall  now  outline. 

Propertifs  c]  Atom^.  As  to  atoms,  I  would  call  your  attention  to 
four  peculiarities  which eoem  to  me  of  fundamental  importance.  First, 
Dulong  and  PetJt  found  that  the  physical  property  called  heat  ca- 
pacity is  nearly  the  same  for  difTerent  atoms,  i.  e.,  that  the  quantity 
of  heat  requisite  to  produce  a  given  rise  of  temperature  docs  not  vary 
greatly  for  atomic  quantities,  for  7  parts  of  lithium  and  for  240  part« 
of  uranium. 

Second,  Faraday,  in  atudying  the  electrical  conductivity  of  eleetro- 
lytes,  e.  g.,  of  aqueous  solutions  of  salts,  found  that  the  quantity  of 
electricity  which  atoms  can  transport  varies  as  the  whole  numbe», 
—  from  one  in  potassium  to  two  in  rinc.  This  fundamental  property, 
which  gives  the  sharpest  expression  to  our  notion  of  valency,  was 
broiight  by  Helmholtz  int^  a  very  clear  form  by  the  assumption  that 
electricity  as  well  as  matter  cnnaiets  of  atoms,  cither  negative  or  poei- 
tivc,  and  that  material  atoms  arc  able  to  combine  with  them,  —  potas- 
sium with  one  of  the  positive  kind,  zinc  with  two,  chlorine  with  a 
negative  one,  — and  so  transport  them  in  electrolysis. 

The  third  great  step  was  made  by  the  study  of  light,  a  physical 
property  again.  Bunsen  and  Kirchhoff  found  that,  heated  in  the  gas- 
eous state,  every  atom  emits  a  definite  set  of  light-waves,  producing  a 
characteristic  line-spectrum  which  is  yet  the  sharpest  test  of  the  kind 
of  atoms  one  is  dealing  with,  and  which  so  became  the  most  fruitful 
guide  in  the  (letectiou  of  new  kinds. 

The  last  generalixHtion  that  I  have  to  mention,  aud  which  wo  owe 
to  Newlanda,  Mendel^ell.  and  Lothar  Meyer,  includes  physical  pro- 
perties in  general,  and  a»aerta  that  they  vary  with  increasing  atomic 
weight  hi  a  periodic  way.  This  .shows  itself  most  ithsrply  in  the  atomic 
volume,  which  passes  through  ma.tinium  values  in  lithium  (7),  sodium 
(23),  potassium  (39), rubidium  (S5),and  ciEBium  (133).  A  correspond- 
ing periodicity  is  observed  in  other  properties,  as,  for  example,  that 
of  combining  with  electrical  atoms,  or  valency,  which  in  the  said  ele- 
ments passes  through  imity.  Analogous  behavior  la  exhibited  by  the 
melting-points  and  boiling-points,  which  for  these  mctaJs  arc  excep- 
tionally low. 

If  my  programme  did  not  to  a  certain  extent  exclude  quite  recent 
investigations,  confining  me  to  a  view  of  past  history,  I  should  like  to 
consider  one  more  physical  property,  that  of  radioaotxvity,  which  also 
seems  to  be  a  property  of  atoms.  I  can  only  insist  on  the  fact  that  it 
was  physical  propprtjips  again,  the  making  the  air  conductive  for  elec- 
tricity, and  the  spectrum,  which  revealed  radium. 

Pr^pcriiet  of  Molecules.    Turning  to  molecules,  I  have  three  pre- 
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ilftininant  general  isationfl  to  outline.  The  first  is  Mitacherlich's  dia- 
Mvcry  of  the  fact  that  analogous  molecular  conatitutjon  corresponds 
lo  analogous  ouU>r  cn,'tilalIiiiL>  funn,  to  HO-oalled  itioniurjibism.  Lot  nm 
sdd  that  there  h  hardly  any  more  aatififaetory  proof  of  the  fioundncss 
of  our  concept  of  the  internal  almelure  of  matter  than,  *,  g.,  tlio 
identity  of  the  crystalline  forms  of  the  alums,  wliirh  we  couaider  to 
have  corresponding  internal  structure. 

A  second  step,  lo  a  certain  extent  a  fiimilar  one,  was  made  by  Pas- 
teur when  he  deduced  disymmetry  of  molecular  constitution  from 
disymmetry  in  behavior,  oplieally  as  well  as  erj-Btallographically.  For 
instance,  the  dextrorotatory  ordinary  tartaric  acid  and  its  l«?vorota- 
tory  antipode  showed  this  disymmetry  both  in  optical  rotation  and 
in  tiie  particular  so-called  eiiantiomorphous  cryatalline  form.  The 
molecules  w*ere  supposed  to  have  analogous  structures  differing  from 
each  other  as  the  right  hand  from  tlie  left.  As  is  well  known,  it  was 
.  only  later  that  the  probable  molecular  stnictiue  was  sharply  defined, 
and  stereochemistrj-  was  founded. 

The  third  great  step  was  the  opening  of  a  way  to  determine  the 
molecular  weights  of  dissolved  substances.  It  was  chiefly  the  appli- 
cation of  Avogadro's  law  to  osmotic  preasures,  in  coniitTtiou  with 
RaouU'a  measurements  of  free ziug- points  and  vapor-pressures,  that 
opened  the  way.  We  may  now  assert  that  the  liquid  state  is  not  char- 
aeteriied  by  high  molecular  complexity.  Uut  the  Rrofit  innovation, 
intiodueed  by  Arrhenius  and  immediately  brought  into  relatinn  with 
the  achievement  in  question,  was  the  admission  of  the  existence  of 
ions  in  electrolytes  —  for  example,  the  presenre  nf  negatively  charged 
chlorine  atoms  and  positively  charged  iHidlum  atoms  in  an  ordinary 
*alt  solution.  Once  more  it  was  a  physical  property,  the  electrical 
conductivity,  that  led  to  this  extremely  fruitful  supposition. 

Conclusion.  If,  after  this  short  summary  of  its  properties,  wo  try 
to  loolc  into  the  nature  of  matter,  we  conclude  that  matter  is  not  con- 
tinuous, but  that  there  are  centres  of  action  which  seem  to  have  an 
eternal  existence,  changing  only  in  the  place  that  they  occupy  — 
these  are  the  atoms.  Tliey  keep  together  in  some  way  and  form  the 
molecule;  how,  it  is  pretty  hard  to  say.  The  planetary  constellation, 
with  ordinary  attraction  and  centrifugal  force  in  equilibrium,  ia  ex- 
cluded by  the  consideration  that  at  the  absolute  zero  there  is  no 
movement  at  all.  The  repulsive  force  thai  we  want  might  be  of  elec- 
trical nature;  and  so  wc  come  to  our  combination  of  material  and 
electrical  atoms.  There  is  indeed  something  fascinating  here,  and 
when  we  admit  for  carbon  that  it  may  unite  to  four  equally  charged 
eiectrieal  atoms  and  hold  them  by  a  force  of  the  nature  of  elasticity, 
we  have  at  once  a  possible  equilibrium  and  the  t^trahedral  grouping. 
My  only  difficulty  is  that  an  uncharged  atom  of  carbon,  coming  into 
contact  with  the  tons  just  described,  «-ould  take  away  half  the  electric 
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charge,  and  so  the  valency  of  any  element  might  be  retlucwl  to  unl 
The  latest  sxipposition,  that  matter  is  buUt  up  of  electricity  alone,  I 
again  beyond  the  scope  of  this  address. 

Let  me  now  turn  to  the  second  part  of  my  subject,  and  touch  up 
the  problem  of  affinity;  indeed,  the  action  that  keeps  atoms  togetl 
must  be  closely  related  to  aOinity. 


11.    Physical  Chemistry  and  our  NoiionB  coneeming  Afjinily 

While  physical  chemistry,  in  the  fiist  period  of  its  developmei 
waa  chiefly  devoted  to  llio  study  of  the  physical  properties  of  matt 
the  second  and  present  period  is  characterized  by  the  prcdomina 
place  of  the  problem  of  affinity. 

This  cliange  in  Uie  general  aspect  of  our  science  goes  hand  in  hu 
ivith  a  different  way  of  working:  in  the  development  of  our  ideas 
matter,  physical  chemistry  introduced  physical  methods  and  insti 
ments  for  the  study  of  physical  properties;  in  the  development  of  o 
ideas  of  affinity,  physical  chemistry  has  introduced  physical  pri 
ciplea. 

Afjinity  cormdertd  as  Force.  The  first  line  of  thought  consider 
aflinity  aa  a  force,  and  in  this  direction  it  was  natural  to  think  of  d 
Newtonian  altraclion  as  the  chemical  agent.  So  it  was  that  BcrtholU 
iind  with  far  more  biiccchs  Guldborg  and  Waage,  applied  the  laws 
ms^s-action  to  problems  of  affinity,  formulating  a  relation  still  knon 
HK  the  mass-law,  according  to  whieh  affinity  is  proportional  to  tl 
weight  in  the  unit  of  volume. 

Now.  as  we  all  know,  affinity  is  of  a  specific  nature,  and  does  ni 
depend  en  weight  merely;  on  the  contrary,  the  least  hea^-y  elemen 
are  generally  the  most  active.  So  Berzelius  built  up  his  systa 
founded  on  the  notion  that  elements  have  a  specific  electrical  chars 
ter,  either  positive  or  negative,  and,  in  combining,  act  by  eloelria 
attraction.  In  this  direction  Helmholtz  made  a  further  step  in  takil 
into  account  the  quantitative  side.  Considering  the  electrical  charg 
involved  in  Faraday's  law,  he  pointed  out  as  very  important  that  tl 
attraction  due,  for  instance,  to  the  negative  charge  in  chlorine  an 
the  positive  one  in  hydrogen  far  exceeds  the  gravitational  attmetic 
of  the  masses.  Yet  a  satisfying  notion  of  affinity  was  not  obtained  j 
this  way. 

Affinity  measured  as  Work.  A  second  line  of  thought  took  inl 
con»ideratiun  not  the  force  but  the  work  that  affmity  represent^s;  an 
it  seemed  a  decisive  step  when  Thomson  and  Berthelot  declared  tlu 
the  heat  developed  in  chemical  change  corresponds  to  the  work  thi 
affinity  can  produce.  Indeed,  it  was  in  this  way  that  in  many  cases  a 
a  priori  calculation  of  the  heat  development  of  a  reaction  permitte 
prediction  of  the  direction  in  which  the  process  would  proceed,  ttl 
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direction  being  that  of  the  evolution  of  beat.  Yet  this  principle, 
however  weighty,  is  not  absolutely  reliable.  The  chemical  actions 
that  produce  oold,  aa  that  of  hydrochloric  acid  on  sodium  tiitlphate, 
are  objections  not  to  be  overcome. 

The  step  really  leading  to  a  clear  and  unobjectionable  notioa  of 
affinity  was  made  in  the  study  of  the  eo-called  reversible  chemical 
changes.  This  reversible  character  perhaps  needs  some  explanation, 
easily  to  be  provided  by  an  iilustralion.  Kill  a  chicken  and  prepare 
chicken  60up;  it  wouJd  then  be  very  difficult  to  get  your  chicken 
again.  This  is  becaiise  preparing  chicken  soup  is  not  reveniible.  On 
the  contrary,  let  water  evaporate  or  freeze;  it  will  be  easy  to  repro- 
duce the  water. 

Xow.  at  first  sight,  chemical  change  doea  not  seem  reversible;  and 
indeed  it  often  ia  not,  as  in  the  explosion  of  gunpowder,  liut  investi- 
gations of  Berthelot  and  P6an  dc  St.  Oilles  on  the  mutual  action  of 
acids  and  alcohols,  and  those  of  Devillc  and  Debrny  on  high  tempera- 
ture action,  which  even  splits  up  water,  hav*  shown  that  many  chem- 
ical changes  can  be  reversed.  Indeed,  we  have  types  corresponding 
,  abeolutety  to  evaporation,  as  the  low  of  water-vapor  from  hydrates: 
and  others  corresponding  a£  well  to  freezing  and  melting,  as  the  split- 
ting of  double  ealts  mto  their  components  at  definite  tcmperaturee. 
«.  g.,  copper  calcium  acetate  at  77"  C.  Also  in  analogy  with  physical 
phenomena,  we  have  in  the^e  reveruble  chemical  changes  the  posai- 
bility  of  equilibrium,  the  two  chemically  different  forms  of  matter 
coexisting,  as  do  water  and  ils  %'apor  at  a  maximum  pressure. 

Such  a  reversal  of  cht.-mical  change  can  take  place  under  the  influ- 
ence of  temperature,  of  electricity,  of  light,  of  pressure.  And  the  caa- 
icst  way  to  arrive  at  a  measure  of  afhnity  is  prenented  in  the  last  case, 
■a  was  fortiseen  by  Mitscherlich.  Let  us  take  gypsum  as  an  example- 
Burnt  commercial  gypsum,  mixed  with  water,  will  combine  with  the 
water.  We  know  that  this  chemical  change  can  produce  pressure,  and 
that  it  may  be  prevented  by  sufficient  preSBurc  and  be  revcnsed  by  it, 
M  Spring  succeeded  iu  pressing  out  sulphuric  acid  from  sodium  bi- 
•ulphate.  And  it  is  possible  in  such  cases  exactly  to  determine  the 
limiting  pressure,  such  that  a  higher  one  prcBses  out  the  sulphuric 
acid  while  a  lower  one  is  overpowered  by  the  affinity  action.  If  the 
chemical  change  takes  place  under  a  prrauiure  only  slightly  less  than 
that  which  would  prevent  it,  thus  practically  taking  place  under  the 
hmiting  pressure,  we  get  out  of  affinity  the  greatest  quantity  of  work 
that  it  can-possibly  produce;  and  this  quantity  is  the  same  whatever 
the  nature  of  the  opposing  action,  be  it  olcctricity,  Ught,  or  an>thing 
else.  Therefore,  in  this  maximum  work  we  have  a  sound  measure  of 
afEoity. 

It  was  a  veryhappycoincidenceindeed,  that  this  conception  of  affin- 
ity made  possible  the  application  of  a  physical  principle  known  as  the 
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Mwwnd  law  of  thennoclynsnucs.  This  principle  may  be  formulated 
in  different  ways.  For  my  purpose  let  me  say  that  it  limita  the  pos- 
sibility of  natural  proccsBes  to  the  occurrciic-c  of  those  in  which  a  dif- 
ference of  intensity  is  diminiahed.  If  there  ia  a  difference  of  pressure 
in  two  parts  of  a  gas,  a  movement  will  occur  produeinR  equality;  if 
there  is  a  difTerenoe  of  temperature,  heat  will  be  transported  so  as  tn 
piYxluce  equality  once  more.  It  is  curious  that  such  simple  necessities, 
which  we  all  feel  as  such,  can  be  converted  into  far-reaching  sharply 
formulated  equations,  &s  was  done  by  Camot  and  Ciauaitifl.  Theiie 
principles  were  first  applied  Id  chemistry  by  Horstmann.  Then,  by 
successive  application  to  chemical  problems  by  Maisicu,  Gibbe,  Helm- 
hoUz.nnd  others,  was  won  a  system  of  relations  touching  the  problem 
of  affinity,  t«  which  I  can  give  only  brief  attention: 

(1)  Affinity  may  be  defined  as  the  maximum  quantity  of  work  that 
a  chemical  change  can  produce.  Equilibrium  ensues  when  this  quan- 
tity is  zero, 

(2)  The  mass-law  can  be  obtained  in  a  well-founded  and  somewhat 
modiBed  form,  restricted  to  dilute  gases  and  solutions. 

(3)  The  Thomson-Berthelot  principle  assumea  a  modified  form  in 
the  rule  that  a  fall  of  temperature  induces  the  formation  of  that  which 
develops  heat.  It  ia,  for  instance,  in  accordance  with  tliia  rule  that 
at  ordinary  temperatures  water  is  stable  in  comparison  with  detonat- 
ing gaa,  and  that  at  high  temperatures  this  relation  is  reversed,  as  it 
was  found  by  Deville  to  be. 

'  (■*)  Lastly,  we  have  the  phase  nile,  indicating,  for  example,  in  what 
ease.?  rhemical  phenomena  will  be  comparable  with  melting  and  freea- 
ing,  and  in  what  rases  they  will  be  comparable  with  evaporation  Emd 
rondensation. 

Most  curious  of  all,  we  can  treat  problems  of  affinity  in  an  abso- 
lutely trustworthy  way,  so  that  our  calculations  furnish  a  check  upoD 
experiment,  without  admitting  anything  concerning  the  nature  of 
affinity  or  of  the  mutter  wherein  the  affinity  is  supposed  to  reeide. 
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It  is  generally  repognized  tliat  the  further  jwogrces  of  physical 

atirncc  will  be  gmitly  farJUtated  by  «  better  systeiimtizatiun  of  the 

knovlcdgc  already  Accumulated,  and  this  is  true  in  an  capecially  high 

degree  of  the  newly  developed  branch  of  science  in  which  this  Section 

il  directly  interested.    It  has  therefore  seemed  to  me  that  the  most 

raluabJe  contribution  that  1  could  make  toward  the  solution  of  the 

present  problems  of  physical  chemistry  in  correspondence  with  the 

.  aims  of  this  Congress  would  be  a  formulation  of  the  prcevnt  status  of 

•oxne  of  our  knowledge  relating  to  important  claeees  of  phcnoaieua 

which  are  being  actively  investigated .  but  which  have  not  yet  received 

a  final  interpretation.  It  waa  my  original  hope  to  diacuss  several  such 

classes  of  phenomena ;   but  the  effort  involved  in  the  collation  and 

criticism  of  the  available  data  connected  with  the  problem  which  was 

first  studied  forced  me  to  confine  my  attention  to  that  alone.    This 

problein  concerns  the  physical  propertitx  ej  aqueous  sail  solutuma  in 

TehUion  to  the  tonic  theory.   This  is  the  subject  which  I  shall  attempt 

to  preaent  to  you:  I  hope  that  ita  importance  and  the  greater  dcfinite- 

neee  that  can  be  gtveu  to  its  treatment  may  compensate  for  the  some* 

what  limited  scope  of  this  paper. 

Permit  me  to  say  in  advance  that  I  have  studied  this  subject 
primarily  from  an  empirical  staudpoiDt,  and  that  it  will  be  my  aim  to 
present  to  you  a  scries  of  Kcm-ralized  statcmenLs  of  the  experimental 
results,  formulated  in  such  a  way  as  to  show  their  relation  to  the  im- 
portant hypotheses  connected  with  the  ionic  theorj-.  Unfortunately, 
it  will  not  be  possible  in  this  address  to  repro<luce,  or  even  fully  refer 
to,  the  data  upon  which  these  conclusions  are  based — a  defect  serious 
in  a  work  of  this  kind,  which  will  be  rcmctlied  in  a  subsequent  pub- 
Iteation.  I  shall,  however,  try  to  show  the  Rcncral  character  of  the 
evidence  for  each  conclusion  and  the  degree  of  accuracy  within  which 
It  has  been  confirmed,    I  wish  to  add  that  I  have  been  most  ably 
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aaaisted  in  the  preparation  of  the  materifll  upon  which  thw  paper  a 
based  by  Dr.  J.  W.  Brown  and  l>r.  M.  S.  Slienill,  of  the  MaBsachusetta 
luatiiute  of  Technology. 

The  principles  to  be  first  preaented  have  reference  to  two  of  the 
main  hypotheses  which  are  commonly  employed  in  quantitative 
applications  of  the  ionit  thfiorj'.  Ono  of  thftse  liypolhesee  is  tfiat  the 
migration-velonlies  o]  the  iona  of  a  salt  do  not  vary  appredabty  uriVi 
its  concentrntiim,  at  lixut  up  to  a  mo^Krale  cfmcenlTalwn :  and  conse- 
ijuentty.  Dial  Oic  dcffrcc  of  iomzatiuTi  is  equal  to  tkr  ratio  of  Ihe  equi- 
valent conductivity  at  the  concmtratton  in  question  to  the  limiting  value 
of  tfie  cqiiioalent  conditditnty  at  tero  concentration  —  a  ratio  which 
1  will  hereafter  call  simply  the  conductivity-ratio.  The  other  hypothe- 
sis Ib  that  itms,  and  oho  the  nn-ioniied  molecules  aeeompanyi-ng  them. 
produce  an  osmotic  presxure  trubntantially  tfjual  (o  the  prefsure  exerted 
by  the  same  number  of  gaseaux  mviccuhs  at  the  same  temperature,  at 
fcoaf  up  to  a  moderatt  concrniration;  an  hypotiicais  which  may  be  mon.* 
bridly  iixprfi5S(Mi  by  the  statiimi-nt  that  the  ooinotic  preaaure-conatant 
for  dissolved  clcclrolytca  is  identical  with  the  gas-constant.  It  is  e^*i- 
dent  thftt  with  the  help  of  this  hj-pothesis  we  can  ralcuiate, either  from 
meatnirompnts  of  osmotic  pressure  or  from  thoKe  of  any  other  property 
which  is  thermndy mimical ly  related  to  osmotic  pressure,  the  number 
of  mols  in  the  solution  resulting  from  nnn  formula  wciRht  of  eult,  that 
ia,  the  (juantity  which  van't  Hoff  has  rcpn-^cntcd  by  the  letter  i. 
From  the  tatter,  provided  the  ionization  is  not  complicated  by  the 
formation  of  complex  molecules  or  ions,  the  degree  of  ionization  \i 
readily  derived. 

The  first  of  these  hypothesea  cannot  be  independently  tested, 
because  no  direct  method  of  detenniiiintj  the  change  of  migration- 
velocity  with  the  concentration  is  known.  But  the  following  princi- 
ple, which  ha«  an  important  significance  with  reference  to  ihejeiative 
influence  of  concentration  on  the  velocities  of  different  ions,  has  been 
established  by  measurements  of  the  concentration-changes  at  the 
electrodes  attending  the  electn)ly»8  of  salt  solutions. 

The  trunsference  vumhtT.  or  ratio  of  the  conductivity  of  one  ion  to 
the  sum  of  the  conduclivitifs  of  both  iam,  is  constant  u^ithin  one  per 
cent,  between  the  coneentratiajix  of  ^yj  and  -j^  normal,  for  aU  sails 
thus  far  aceuratehj  inveiiKgated,  except  lithium  eMoride,  the  Halidca  of 
bivalent  metols,  and  cadmium  sulphate. 

This  principle  holds  true,  according  to  the  results  of  various  inves- 
tigators, in  the  case  nf  pnta.'wium  and  sodium  rhlorides,  hydrochloric 
and  nitric  acids,  .silver  nitrate,  Imrium  nitrate,  potassium  sulphate, 
atid  copper  fiulphat«  — ■  thus  in  the  case  of  salts  of  the  three  different 
ionic  typoa.  which  I  will  speak  of  ns  the  uni-univalent,  the  uni-hi- 
valcnt,  and  the  bi-bivalcnt  types,  in  corrcKpondcnce  with  the  valences 
of  the  two  ions  composing  the  salt. 
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Two  oauclutuunij  arc  to  1h^  drawn  frum  this  result.  The  firet  is,  that 
complex  ions  arc  not  present  tu  iiupurtaot  quaDtity  in  the  soiutionti 
of  these  salts.  And  the  second  is,  that  the  mi|i;ration-vctocitieft  of  thp 
two  iaim  of  a  salt  varj-  by  the  same  percentage  amount,  if  thry  varj- 
at  all,  willi  changes  in  its  coneentrHtion.  It  is  scarcely  admiiciuble, 
hon'cver,  to  regard  this  last  fact  even  a.s  an  indication  that  the  hypo- 
thesta  of  constant  migration-velocities  ia  correct;  for  any  change  in 
the  character  of  the  litpiid  medium  might  well  alToct  the  velocities  of 
different  ions  not  far  from  equally. 

Important  evidence  in  regard  to  this  hypothesis  and  that  stating 
tliat  ions  and  the  tjn-ionized  molecules  associated  with  them  have 
1  normal  osmotic  pressure  is,  however,  furnished  by  the  agreement  of 
ilic  ionization  values  derived,  on  the  one  hand,  from  the  conductivity- 
ntio,  and,  on  the  other,  from  the  properties  thermodynamicaily  re- 
lated to  oonotic  pressure.  Three  of  these  properticfi  have  been  moae- 
urcd  with  siithcicnl  accuracy  with  certain  electrolytes  to  make  the 
results  of  significance,  namely,  the  freezing- point  lowering,  the  electro- 
motive foTtc  of  concentration-cells,  and  the  heat  of  solution  in  relation 
to  change  of  solubility  with  the  temperature.    Under  the  n.ssumption 
that  osmotic  pressure  and  gaseous  pressure  are  equal  under  identical 
conditions,  a  relation  between  each  of  these  properties  and  tho  de- 
cree of  ionization  of  an  clectmlyte  can  be  derived  with  the  help  of 
the  Bc-cond  law  of  energetics.    Tlicn,  either  this  ionization  value  may 
be  directly  compared  with  tlie  conductivity-ratio,  or,  ossmning  pro- 
visionally that  the  latter  is  a  correct  nieaaure  of  ionization,  the  mag- 
nitude of  the  property  in  question  may  be  taleulatej,  and  the  result 
compared  with  that  obtained  by  direct  measurement.  In  the  case  of 
the  freciing-point  lowering.  1  have  adopted  the  first  of  these  methods. 
For  the  five  salts  for  which  both  reliable  freezing-point  determina- 
tions am)  accurate  cntuluctivity-measurementa  at  0°  exist,  the  ion- 
ization values  corresponding  to  both  of  these  prnpertios  have  been 
computed.    Especial  attention  whs  given  to  the  selection  uf  the  best 
value  of  the  freezing-point  lowering  constant  and  to  the  e.\lraiK>lation 
ol  the  conductivity  for  zero  concentration,  the  details  of  which  can- 
not be  here  described.    Tiie  results  may  be  summarized  as  follows: 

In  ease  of  the  two  uni-u-nimlcnt  natUi  and  the  three  uni-bivalent 
MoUb  hitherto  airefullij  invctitigatal ,  the  umizaiiim  values  derived  from 
freezing~poinl  loweritif/  do  not  differ  from  those  derived  from  conduc- 
ttrity,  between  the  concmtrationx  of  ^^j  and  ^  normal,  by  more  than  2 
or  3  per  cent. 

Tbc  five  salts  referred  to  are  potassium  and  sodium  chloridcd, 
potassium  and  sodium  sulphates,  and  barium  fihloride.  The  two  sets 
of  values  for  pota.s.sium  chloride,  for  which  an  abundant  experimental 
material  exists,  exhibit  no  pronounced  or  systematic  differences;  but 
for  the  other  four  salts  the  freezing-point  leads  to  values  which  are  in 
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general  from  two  lo  three  per  cent  higher  at  all  concentrations  than 
the  couductivity-ratio.  The  fact  that  these  diiferences  do  not,  as  ■ 
rule,  increase  with  increasing  concentration  indicates  that  they  may 
be  due  to  sonic  constant  experimental  error,  or  to  an  error  in  the 
extrapolated  conductivity  value. 

Accurate  mea^turements  have  been  made  by  Jahn  of  the  electro- 
motive force  of  conceiitration-cellB  uousisling  ot  two  silver  or  mercury 
eleetrodeKtoverfd  with  silvvr  chloride  or  mercuroua  chloride,  one  of 
which  ia  immersed  in  a  weak  solution  and  tlic  other  in  a  strong 
solution  of  eodium  or  potassium  chloride.  These  measured  values 
were  com  pared  by  him  with  those  calculated  from  the  thermodynamic 
relation  between  electromotive  force  and  the  concentrations  and 
.  degrees  of  ionization  of  the  Halt  in  tlie  cell.  Tliifortunately,  however, 
the  thermodynamic  relation  eniployi^d  involved  the  aissuniption  that 
the  ionization  varies  with  the  concentration  in  accordance  with  the 
MuBS-Actiun  Law  —  an  asaumption  which  in  known  not  to  be  true  of 
the  ionization  values  derived  from  conductivity.  The  assumption  is. 
therefore,  an  irrational  one  —  one  by  which  the  question  at  iaaue  is 
prejudged.  What  should  he  done  in  calculating  the  eleetmmotive 
force  so  as  U»  determine  whether  the  conductivity-ratio  gives  ioniza- 
tion values  consistent  with  the  measured  electromotive  forces  is  evi- 
dently U*  a:iHume  that  the  ionization  changes  with  the  concentration 
in  the  way  that  the  conductivity  indirate.s  that  it  docrt.  Arrfacnius 
recognized  this  error  and  partially  corrected  for  it  by  a  method  o£ 
approximation.  1  have  repealed  the  calculations  by  an  exact  thermo- 
dynamic formula  based  on  an  empirical  law  expressing  the  change  of 
the  conductivity-ratio  with  tho  concentration,  to  which  I  will  refer 
later.  The  re.sulljji  are  summed  up  in  the  statement  that,  wkm  the  con- 
ducHvitif'Tatio  t>  as.twm«i  to  represent  the  degree  0}  ionization  of  the  salt, 
the  calculated  valuer  0}  Uie  eteclromotive  force  of  conceniraHon-ceUa  exceed 
the  measured  ones  by  only  a(>oitt  one  per  eent  in  Mc  case  0}  polaaaium 
and  xodiiim  chloride  betu-een  the  concetitraticnt  0/  g-Jj  and  ^5  normcl. 
Hie  measured  electromotive  force  corresponds  to  an  ionization  value 
at  the  latter  concentration  about  one  per  cent  less  than  the  conduc- 
tivity-ratio. 

The  thermodynamic  relation  involving  heat  of  solution  has  been 
accurately  tested  with  only  one  salt  —  potassium  perchlorate;  but 
since  it  is  a  different  salt  from  those  used  in  the  other  experiments, 
and  since  its  concentration  was  fairly  high  —  ^  norma!  —  the  result 
is  of  interest.  It  was  found  that  the  measured  heat  of  solution  toaa  le$a 
ftjf  only  1.1  per  cent  than  that  caiaiJatcd  under  (he  assumption  that  th€ 
conductivity'ratio  is  eqwil  to  the  de^ee  of  ionveation.  The  measured 
heat  of  solution  corresponds  to  an  ionization  value  2i  per  cent  lower 
than  the  conductivity-ratio. 

With  respect  to  these  small  deviations  of  the  results  obtained  by 
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the  thnx>  methods  of  comparison,  it  la  important  to  note  that  they  lie 
in  opfxisite  directionR,  the  f reeling- point  lowering  oorreHjxmdiiig  to 
larger  values  of  the  ionization,  and  the  measured  electromotive  forces 
tad  heat  of  solution  to  smaller  onrs  than  the  conductivity  •ratio.  This 
fact  makes  it  almost  certain  tliut  Ihey  an;  due  to  experimental  crnirs. 
Xevtfrthclcsa,  further  exact  measurements  of  all  these  properties  are 
highly  desirable. 

From  a  iheoretieBl  standpoint  theso  three  methods  are  baspd  on 
the  same  hypotheses  —  namely,  that  the  oMnotie  preHSure-constant 
for  ioHR  and  nn-ionized  moleciilen  i^t  identirol  with  the  gu«-conatant; 
that  the  conductivity-ratio  is  a  corrret  mesHure  of  ionir-ation,  and 
that  complex  molecules  or  iomt  arc  not  prctsent  in  the  solution.    The 
concordance  of  the  results  furnishes,  therefore,  a  strong  confirmation 
of  the  correelness  of  these  fundamental  hj'potheses.    The  only  alter- 
native conclusion  is  that  an  error  in  one  of  these  hypotheses  is  com- 
pensated by  an  error  of  opposite  efTect  in  one  of  the  others;   but  it 
seems  vcr)'  improbable  that  Htn;h  a  compensation  eoul<l  ocrur  in  the 
case  of  so  many  salts  of  diSerrnt  chemical  nature  and  different  typtrs 
through  the  range  of  concentration  i^if^  to  J  normal)  for  which  the 
agT^empnl  of  the  experimenla!  results  has  been  shown  to  hold  true. 
It  is  certainly  more  consistenl  with  the  modern  methods  of  science 
to  adopt  these  simpler  hypotheses,  which  are  in  full  accord  with  the 
considerable  number  of  facts  thus  far  known,  than  deliberately  to 
introduce  more  complicated  assumptioDs  for  which  there  is  at  present 
no  experimental  warrant. 

The  combination  of  these  hypotheses  with  the  Gxperim^ntal  values 
of  the  quantities  involved  at  varj-ing  concentrations  makes  necessary 
the  further  conclu»ion  that  the  defp-te  o]  itniiiotion  of  salts,  whether 
dnived  from  the  eonductimty-ratio  or  from  thiTtnodynamic  relations 
involmng  the  tquality  of  the  osmotic  preasure-coTiatanl  and  the  gas- 
eorutani.  dots  not  vary  ivilh  Ike  concentration  even  approzimatfiy  in 
accordance  with  (he  Law  of  Chemical  Afass-AcHon. 

This  empirical  consequence  of  the  fundamental  hypotheses  of  the 
ionic  theory  has  led  several  investigators  to  raise  a  theoretical  objoe- 
tion  to  them,  it  being  contended  that  the  laws  of  tliemnodynamiea 
require  that  the  validity  of  these  hypotheses  bivolves  that  of  the  Mass- 
Action  Law  it«*lf.  This  apparent  incoDsistency  between  the  inductive 
aad  deductive  conclusions  makes  it  probable  that  some  unproved, 
erroneous  a-tsumption  is  tacitly  involved  in  the  theoretical  derivation. 
That  there  is,  in  fact,  a  pniuible  alternative,  which  has,  I  believe,  been 
previously  overlooked  in  the  thenncxlynanuc  discussions,  will  be  evi- 
dent from  the  following  considerations.  The  tlicnnodyoamic  relations 
between  ionization  and  freecing-point,  electromotive  force,  or  heat  of 
aolution,  involveonly  the  oasumption  that  Ihc  work  done  in  reveraibly 
aeparftUng  water  from  a  solution  at  constant  concentration  is  equal  to 
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ihaidoncui  producing  the  tsame  vo]uin4M:hang(:  in  a  gas,  which  imphis^, 
of  course,  that  the  ions  and  un-ionijcd  molecule*  have  in  the  presence 
of  each  other  normnl  osmotic  pressures.  On  the  other  hand,  the  deri- 
vation of  the  Mass-Action  l,aw  equation  is  based  on  cyclical  processes 
which  necessarily  involve  the  separate  introduction  and  removal  of 
the  un-ioniBcd  molecules  and  of  the  ions  into  or  from  solutions  of  dif- 
ferent concentrations.and  it  further  ihvoUtb  the  aanumptinn  that  Ihis 
introduction  or  removal  of  molecules  or  ions  can  be  effected  by  the 
application  of  an  external  pressure  equal  to  that  osmotic  pressure 
which  each  of  them  possesses  in  the  mixture;  that  is,  the  possibility 
is  ignored  that  the  separation  of  the  molecules  from  the  ions  may 
Itself  give  rise  to  some  new  force,  and  may  involve,  consequently, 
another  quantity  of  work  than  that  corresponding  to  the  osmotic 
pressure.  The  ionic  theory  would  evidently  predict  a  result  of  this 
kind  if  an  attempt  were  made  to  separate  the  positive  ions  from  the 
negative,  even  though  their  osmotic  preaaurHS  when  present  together 
were  perfectly  normal;  and  it  is  quite  eonceivahle,  even  though  the 
reason  for  it  he  not  apparent,  that  the  separation  of  the  un-ioni«d 
molecules  from  tlu;  ions,  with  which  they  may  be  in  electrical  as  well 
BS  chemical  e(|uilibrium,8liould  involve  an  abnormal  quantity  of  work. 
The  assertion  that  the  validity  of  the  osmotic -pressure  principle  nee-. 
esaarilyimplicR  thatof  the  Mass- Action  Law  is  therefore  unwarmntedj 
from  a  deductive  standpoint;  while  the  inductive  evidence,  pointing 
strongly  as  it  does  in  the  substantial  correctneiwof  the  former  principle, 
and  the  complete  inadequacy  of  the  latter  one.  make:*  it  highly  proJ 
hable  that  the  separatum  of  un-ionued  molcculcH  jram  ians  daca  in- 
volve the  expenditure  0}  oUicr  wurk  Uian  that  corrtsponding  to  their 
omiotie  praaures. 

Since  the  ionization  does  not  chnnge  with  the  concentration  in 
accordance  with  the  Mass-Action  Law,  it  is  natural  to  inquire  what 
the  law  of  its  change  is.  This  matter  has  been  investigated  from 
an  empirical  standpoint  by  several  Invealigators  with  the  help  of  the 
conductivity  data.  The  reeults  justify  the  statement  of  the  followiDg, 
principles: 

Tke  uit-u>nu£d  fraction  oj  (i  tali  as  determined  from  the  eonduetivity- 
ratio  is  proporttonol  to  tlie  ejibc  root  0}  its  total  roncftttraiion,  or  10 
that  of  its  ion-eonccntration.  betuvrn  ^^^  ^  and  ^jj  ti'Tmal,  in  the  case  of 
both  uni-univaUnt  and  uni'^ulfivalent  salle.  That  is,  1  -  j'  =  Kci.  or 
1  —  )-='>-'(t)'- where  jria  the  degree  of  iomKation.r  the  concentration 
nnd  K  a  constant.  The  first  of  these  functions  was  proposed  by  Kohl- 
rausch.  the  second  by  Barmwater.  Owing  to  the  relatively  small' 
variatiuii  of  the  iouizatiou,  these  two  functions  cannot  differ  much  as 
to  their  constancy,  hut  on  the  whole  the  experimental  data  indicate 
that  the  second  function  is  somerthat  more  constant.  The  average 
deviations  of  the  actual  measurements  from  the  value  6  correspo 


PROPERTIES  OF  AQrEOtlS  SALT  SOLUTIOXS      317 

to  ihis  function  Arc  {  per  ecnt  in  the  case  of  ten  uni-univnicnt  gaits, 
J  per  cent  in  the  caw  of  nine  uni-bivalent  salts,  and  also  )  per  cent 
in  tWcaseof  three  iini-tri- and  iini-<niadrivalpnt  salts.  The  maximum 
deviations  are  two  or  three  times  as  great.  It  is  of  interest  to  note 
that  the  strong  mineral  acids,  hydnirhloric  and  nitric,  behave  like 
BAlts  in  this  reapect.  These  funelions  have  been  shown  to  apply  to 
pOtAsnum  and  sodium  chlorides  through  a  ranpc  of  temjieraturc 
extending  from  18"  to  300°.  lliey  do  not  apply  at  alt  closely  to 
such  salts  of  the  bi-bivalent  typeas  magnesium  and  copper  sulphates, 
perhaps  owing  to  appreciable  hydrolysis.  Nor  do  they  represent 
satiafactorily  the  experimental  data  for  any  kind  of  salts  at  the  very 
low  concentrations  lying  between  75/9^5  and  .jnVd  normal,  nor  at 

^Boncontralions  higher  than  ^  normal. 

The  experimental  results  nro  also  well  expressed  by  the  statement 
that  in  the  ease  both  0/  uni-univali^nl  and  uni-bivalent  salts,  betimen  the 
eoruenlrations  0}  t^^jj  ind  ^  normal,  the  concentration  of  ike  un^ 
umteed  nuitecuies  is  prajwrtionai  to  the  conccntTotion  of  the  tons  raiard  to 

ffl  constant  power,  varying  sontf-ivhai  vilh  the  nalt  ond  the  temperature. 
but  as  a  rule  only  belu^etn  the  lirtnts  of  1 .43  and  1 .56.  That  ie,  c  (1  —  rt  = 

JCicf)'*,  where  n  >  1.43  and  <  1.56. 

This  genera!  function  was  first  applied  by  Storch  and  wa*  afterward 
further  discussed  by  Euler  mid  Baneroft.  It  has  the  advantage  over 
the  previous  ones  tlial  it  represents  the  data  with  accuracy  even  up 
to  the  hiRhest  dilutions,  and  then-fore  can  be  used  for  obtaining  the 
limitiiiK  conductivity  al  zero  concrntration. 

The  applicability  to  the  salts  of  different  types  of  either  of  these 
principles  governing  the  change  of  inniiiation  with  the  concentration 
leads  to  the  important  mnohi.'itnn  that  the  fonn  nj  the  roneentrntian 
function  ix  independent  0]  the  nnmhcr  «/  ionit  into  irkirh  the  mole- 
ctilea  of  the  salt  diHxociaie.  This  rrmnrkahle  fart,  though  pn-viously 
recognizrti.  hns  not  been  siiffirit-ntly  rmphaKisrd.  mid  it  haa  been 
often  ignored  in  di^icusaioiw  of  the  cause  of  the  deviation  of  the  ioniia- 
tion  of  salts  from  the  requirements  of  the  Mass-Aelion  l.aw.  It  seems 
to  me  to  show  almost  ennelusively  that  ehemical  mass-action  ^as  no 
appreciable  influence  in  determining  the  equilibrium  between  inn.t  and 
un-ionized  molecule,*i.  How  complete  the  contradiction  with  the  Ma,"!.s- 
Action  Law  is  may  be  ilhiKtratrd  by  rititig:  llic  specific  fart«  that  for 
di-ionic,  tri-ionic,  and  tctrn-ionic  salts  this  law  requires  that  the  con- 
centration of  the  un-ionizcd  molceiilcs  be  proportional  to  the  square, 
the  cube,  and  the  fourth  power,  respectively,  of  the  coneentrotion  of 
th«  ions;  while  the  experimental  data  show  that  it  if  nppmximately 
proportional  to  the  -J  power  of  that  concentration,  whatex-er  may  be 
the  type  of  .salt. 

Having  »een  in  what  manner  the  degree  of  ionization  varies  when 
the  coDcent rations  of  both  ione  of  the  salt  are  simultaneously  varied 
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by  dilution,  it  is  of  interesl  to  dctiirmiiic  thL-  effect  of  clianRiDK  the 
concentration  of  cither  ion  eeparately.  A  study  of  the  conduclivity 
and  the  freezing-point  of  mixtures  of  two  salts  havinR  one  ion  in 
Dominon  thniws  much  light  upon  thbi  queKtion,  for  the  follon-ing 
aimple  principle  haa  been  found  to  reprpsent  this  phenomenon:  The 
ccndvitivity  and  the  frccting-point  lovxring  of  a  mixture  of  Halts  hiiving 
one  ion  in  armmon  are  those,  calculated  under  t/ir  assumption  that  the 
degree  o}  ionization  oj  vach  aaU  ia  thai  which  it  would  have  if  present 
aione  at  aueh  an  npiivaltnt  concentration  that  the  eoneentraticm  of  either 
of  its  ioTW  WfTP  pqunl  to  Uie  sum  of  thi'  equivaf^mt  eonecn&aiiona  of  aU 
the  posiiivv  or  negative  ions  present  in  the  mixture. 

Thi«  somewhat  complicated  statement  may  be  illustrated  by  the 
followinfc  example:  Suppose  that  a  mixed  solution  is  0,1  normal  with 
T;t5pcct  to  Hodium  chloride  and  0.2  normal  with  respect  to  sodium 
sulphate,  und  th&t  it  is  0.18  normal  with  reference  to  the  po«itive  or 
nejpitive  ions  of  these  salts.  The  principle  then  requires  that  the 
ioniication  of  either  of  these  salts  in  the  mixture  be  the  same  as  it  ts 
in  water  alone  when  its  ion-eoncent ration  is  O.IS  normal. 

Tlii.s  principle  in  regard  to  the  conductivity  of  mixtures,  whicli  tas 
been  definitely  stated  by  Arrhenius,  is  shown  by  the  existing  data  to 
hold  true,  almost,  if  not  quite,  within  the  small  experimental  error  of 
the  determinations  both  for  mixtures  of  salts  of  the  same  type  and 
for  those  of  8nlt;3  of  different  types  up  to  a  concentration  of  at  least 
^  normaL  Experimenta  confirming  this  principle  have  been  made  upon 
eight  pairs  of  uni-nnivalent  sails  by  Arrhcniiw,  Mansou,  and  Barm- 
water.  In  addition,  the  prijieiple  has  been  shown  by  several  Caufidiun 
investigators,  Archibald,  McKay,  and  Barnes,  to  hold  true  for  mix- 
tures of  potassium  and  sodium  sulphates,  potassium  and  copper  or 
nmgnetHum  Bulphates  (up  to  0.1  normal),  potassium  sulphate  and 
chloride,  barium  and  Hotlium  chlurid(->6,  and  zinc  and  copper  Bulphates 
—  thus  for  almost  every  pussible  typical  combination  of  uni-uni-, 
uni-bi-,  and  bi-bivalcnl  Baits.  That  the  same  principle  is  true  of  the 
fn^'jung-point  lowering  is  shown  by  the  measurcmcnta  of  Archibald 
with  nii.\tures  of  potassium  and  sodium  sulpbat'C.  This  provi«  that 
the  phenomenon  really  has  reference  to  the  degree  of  ionization,  and 
that  it  dciee  not  arise  froma  possible  variation  in  the  migration-vcloe- 
il  ies  of  the  ions. 

Of  E^special  interest  is  the  relation  of  this  principle  to  the  validity 
o(  the  Mass-.Action  Law.  Almast  all  invcirtigatois  of  the  conductiv- 
ity of  mixtures  have  concluded,  from  tht;  fact  that  upon  mixing  solu- 
tions of  equal  ion-concentration  there  is  no  change  in  ionizatioM,  that 
the  resulta  do  conform  to  this  law.  Yet  it  is  scarcely  conceivable  that 
thii;  law  can  apply  to  mixtures  of  salt^  in  which  the  concentration  of 
one  ion  is  varied  while  maintaining  that  of  the  other  constant,  in  view 
of  the  fact  that  it  is  known  not  to  hold  true  for  the  variations  of  the 
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concentrations  of  botb  iuoH  produced  by  dilution.  And  in  reality  this 
eoQclusion,  if  regarded  as  a  geueral  expresaion  of  the  (acU,  i«  entirely 
unwarranted.  It  is  true  that  for  certain  typical  tonibinations  of  aalts 
—  those  for  which  from  one  molecule  of  each  salt  n^ults  by  ioniuution 
not  more  than  one  ion  of  the  kind  not  common  to  the  salts  —  the 
principle  hero  stated  docfl  eoincide  with  the  requirement  of  the  Mase- 
Action  Law.    But  for  eumbinatiunti  not  so  <^hurac  I  (prized  the  Mass-Ae- 
tion  Law  [iredicta,  a«  is  rpadily  seen  upon  formulating  the  equationB, 
a  conductivity  of  the  mixture  widely  divergent  from  that  actually 
found,  and,  therefore,  from  that  e-vpnawed  by  the  principle  under 
consideration.    This  last  statement  applies,  for  example,  to  the  mix- 
tures before  referred  to  of  potassium  sulphate  with  sodium  sulphate, 
and  of  pota.'j.fium  sulphate  with  copper  or  magnetiium  sulphate,  the 
firet  of  which  have  been  studied  both  with  resiiect  to  their  conductiv- 
ity and  freezing-point.  The  Law  of  Chemical  Mass-.Action  here  again 
hHowh  itaelf  entirely  inapplicable  to  the  phenomena  connected  with 
thn  ionization  of  salt^t.     The  opinion  of  aoine  invcsti{;ator8  that  the 
ilcviutions  from  this  law  indicated  by  the  conductivity  were  only 
apparent,  and  thai  they  were  attributable  to  variations  in  the  migra- 
tion-velocity, has  arisen,  no  doubt,  from  the  faet  that  they  have  con- 
fined their  attention  to  di-ionic  ttalttt,  and  have  failed  to  recognize,  on 
the  one  hand,  the  striking  divergences  from  it  exhibited  by  tri-ionic 
ealts,  and,  on  the  other,  the  Biihetantial  corruHpondcncc  of  the  con- 
ductivity and  freezing-point  reaults. 

Combining  this  principle  in  regard  to  the  ionization  of  mixed  salta 
in  (solution  with  the  cmpirioat  concentration  law  of  Storch  for  single 
salts,  we  are  led  to  the  conclusion  that  the  ratio  of  the  concentration 
of  the  un-ioniied  part  Lo  the  product  of  the  concentrations  of  the  two 
ions  (hut  in  the  case  of  tri-ionic  salts  not  raised  to  a  power  correspond- 
ing to  the  requirements  of  the  MaBS-Actiun  Law)  is  a  function  of  the 
gum  of  the  equivalent  concentrations  of  all  the  ions  in  the  solution  and 
of  that  alone. '  This  ratio  is,  moreover,  roughly  inversely  proportional 
to  the  square  root  of  the  total  ion-concentration. 

The  t'orreeiness  of  this  principle  is  further  demonstrated  by  the 
fact  that  with  its  aid  the  conductivity  of  a  mixture  of  two  salts  with- 
out a  common  ion  ran  be  computed  from  their  separate  conducti^'ities. 
This  is  shown  by  the  conductivity  measurements,  made  by  Archibald 
and  more  recently  by  Sherrill,  upon  mixtures  of  potassium  chloride 
■od  5odium  sulphate,  or  of  sodium  chloride  and  potos&ium  sulpliate. 
Up  to  at  least  0.2  normal  concentration,  the  agreement  beiween  the 
observed  and  calculated  values  is  within  0.5  per  cent.    On  the  other 

'  This  is  •xpnMpd  mnthrnvaticully  by  tlinTnllowin{(  equation  In  wtiich  r,  luid  fj 
rvfimwat  th^  «(]uivslMit  MiiMnlnitinn*  of  the  two  salt«,  Hud  y,  and  y,  thpir  de* 
grces  of  ioiiixatiori  iri  l\ve  presence  of  each  other: 
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haad.  the  divergence  of  the  observed  values  from  the  requirement 
the  Mass-Action  Law  amounts  to  many  per  cent.  ' 

It  seems  appropriatt*  at  tiuce  to  supplement  these  principles  ini 
re^rd  to  theform  of  the  concentration  function  by  a  siatement  of  two' 
general  ruK's  which  have  been  fuund  to  express  the  magnitude  of  the 
ionization  of  salts  of  different  types.   These  rules,  unlike  the  preced- 
ing principles,  are  only  crude  approximations;    but,  nevertheless, 
ihey  prove  of  some  assistance  in  rough  applications  of  the  ionic  the- 
ory, and  undoubtedly  posseea  an  important  theoretical  significance 
not  yet  recognised.   They  may  be  Btated  ws  follows:   (1)  the  deeraut, 
o/  ionization  wifJi  increanng  ctiTieenfrofion  is  rouffhty  eonslafU  in  the 
rase  0}  (li/ferent  nalts  0}  Oie  same  type;  and  (2)  the  vn-ionized  fraction^ 
at  any  dijinilc  nutltU  eonecntratian  ia  roughly  propoTtional  to  tfte  pro-i 
duct  cj  the  valences  0/  the  tioo  wms  in  Uic  caae  0}  salts  of  difftrcni  types. 
Thus,  at  0.1  normal  cont-ciitration  the  mean  value  of  the  degree  o( 
ionization  for  17  uni-univalent  salts  measured  at  18*  is  83.3  per  cent, ! 
the  average  deviatitm  of  the  separate  values  from  this  mean  is  2.1' 
percent,  and  the  maximum  deviatitm  of  any  nf  Ehem  1.1  5-4  per  cent,  I 
of  the  mean  value;   while  for  fourteen  uni-bivutent  salts  the  mean , 
value  is  69.8  per  cent,  the  averaKc  deviation  S  per  cent  of  this,  and 
the  inaxiinum  deviation  about  10  per  cent  uf  it.    The  un-iouised 
fraction  in  ^^^  molai  .solution  is  13J  per  cent  for  these  univalent  salts;  ■ 
30  per  pent,  or  about  twice  as  great,  for  the  uni-bivalent  Bolta;  and  ■ 
60  per  cent ,  or  about  four  times  as  great,  for  the  three  bi-bivalent  salts 
investigated  (jiinc,  magnesium,  and  copper  sulphates).    The  salts  of 
mercury  and  cadmium  are  pronounced  exceptions  to  the  nile. 

Far  more  extensive  material  for  testing  these  rules  ia  furnished  by 
the  measurements  made  at  26"  between  the  concentrations  of  j'j|  and 
^  g'j  J  normal.    In  thecnseof  theuni-univalentsalts.dataexistat  thia  1 
temperature  and  these  coneentralions  for  thirty-six  inorganic  salts, ' 
about  sixty-five  sodium  salts  of  organic  aoids.  and  about  an  equal  ' 
number  of  hydroehlorates  of  organic  bajies.    A  consideration  of  all 
these  data  shows  that,  with  only  three  or  four  exceptions  not  of 
a  pronounced  character,  the  values  of  the  degree  of  ionization  of  all 
these  salts  in  j'g  normal  solution  Ue  bctweenthelimitsof  84and90per  . 
cent  and  are  fairly  uniformly  distributed  throughout  this  range  of 
e  percent.  For  sixty-seven  uni-bivalent  salts  tlie  corresponding  limiu  ^ 
of  the  ionijtalion  values  are  72  and  81  per  cent,  while  for  only  four 
such  salts  do  the  values  lie  beyond  these  limits.    For  the  six  utu-tri-  < 
valent  salts  investigated  the  range  is  from  07  to  76  per  cent ;  for  the 
three  uni-quadri valent  &altfl  from  59  to  63  per  cent,  and  for  twelve 
bi-bivalent  salts  from  49  to  &3  per  cent,  while  three  such  salta  show 
more  conaiderabte  variations.    TIk'  values  of  the  un-ionized  fraction 
corresponding  to  tlie  mean  of  these  two  limits  for  the  different  types 
of  salts  at  the  same  equivalent  eoncentration  increase  somewhat 
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tDore  slowly  ihan  the  product  of  the  vElencw  of  the  ion«.  The  pro- 
portionality bcconifs  a.  fftirly  close  one,,  however,  when  the  ealts  are 
compared  at  the  same  niolal  itietead  of  the  same  cquivalenl  eoacen- 

ktration.   "nius.  with  Ihe  help  of  the  Kohlrausch  concentratiou  funo- 

■ttfln,  it  is  calculated  from  the  preceiiing  values  that  the  un-ioniied 

!  fractions  in  Vi,  ninlal  solution  arv  aa  follnn-ti: 

13  |ier  cent  for  the  unt-univalent  salts, 

29}  per  rent  for  the  iini-bivaK-nt  naltn, 

41  per  fciit  for  the  uiii-trivak-nt  salta, 

62  per  cent  for  Ihc  uoi -quadrivalent  aalta, 

55  per  cent  for  the  bi-bivalcnt  salts,  — 

which  are  sten  to  be  ftpproximately  the  required  multiples  of  the 

I  oonslnnt  factor  1 4. 

ftefore  leaving  ihis  fiiihip<>t  it  should  be  stalpd  that  the  rpsiilts  ron- 
form,  nn  the  whole,  abmit  equally  well  to  thr  rule  that  thr  lifo-raxc 
of  ajuivaiml  conductivity,  {insl^d  of  ionizatian)  is  rovfffUif  constant  for 
talis  of  thf  Mmf  htj>t ;  and  when  the  comparLeon  i»  made  nt  the  same 

"equivalent  eoneentrat ion,  distinctly  better  to  the  rule  that  the  dc- 
crrase  of  equivalmt  conduclivit}/  is  projnnrtionat  to  thr  product  of  the 
vatmres  of  the  ions  for  unltx  of  different  ti/pm.  When  eninpared  at  the 
»amc  mo/n/  rnncenlration,  however,  this  nile  does  not  apply.  These 
ndes  wfTe  originally  atated  by  Ontwald.  Tliey  differ  not  inconsider- 
ably from  those  expressing  the  chance  in  ionization  —  namely,  to  an 
extent  corresponding  to  the  variationa  of  the  conductivitie*  at  ex- 
treme dilution.  The  deviations  arc  so  irregular,  however,  that,  from 
an  empirical  standpoint,  the  choice  between  the  two  pairs  of  rules  is 
arbitrary.  In  eit  her  fomi  these  niW  seem  tn  justify  the  inference  that 
Ihe  d^ree  of  ionization  of  salts,  unlike  that  of  the  organic  acids  and 
bases,  is  not  primarily  a  specific  chemical  property  determined  by 
chemical  affinity,  but  that  it  is  determined,  at  least  in  the  main, 
by  the  magnilnde  of  the  electric  charges  on  the  ions. 

Tlie  establishment  of  the  principle  in  regard  to  the  ioniuition  of  a 
mixture  of  sails  has  a  direct  hearing  on  the  phenomenon  of  the  effect 
of  one  salt  on  the  solubility  of  another  with  a  common  ion.  It  has 
been  usually  assumed  that  in  a  (not  too  concentrated)  saturated  solu- 
tion the  un-ionized  molecules  of  the  salt  always  have  the  same  concen- 
tration; and.  Hernndly,  that  the  product  of  the  wi-concentrationB 
(each  raised  to  a  powercurrespoiidiiig  to  ihenumber  resulting  fromone 
molecule)  al»<i  retaiuji  the  same  value.  And  the  experimental  results 
in  ueveral  cases  have  been  shown  to  accord  fairly  well  with  these  two 
hypotheses.  Yet  their  simultaneous  validity  is  quite  inconsistent  with 
the  principle  in  regard  to  the  ionization  in  mbctures.  In  fact,  when 
eonsidered  in  the  light  of  this  principle,  theexiHling  data  lead  to  the 
ronehution  that  the  former  hypothesis  is  nnt  even  apprnxiniately  true, 
and  that  the  latter  one,  at  any  rate  in  cases  where  the  ionization  is  far 
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from  oompletc,  is  affected  by  a  considernblc  error.  One  example  may 
bo  cited:  when  thallous  ehloridc  and  bromate.  each  of  wliirh  alone 
haji  a  gotubiliiy  of  about  ^^  normal  inwal^r  at  40°, are  simullanMiiuly 
present  as  solid  phases,  the  solubility  of  each  is  reduced  by  the  other 
to  an  extent  whifih  shows  that  the  concentration  of  the  un-ionined 
molecules  J6  diimmshed  by  about  15  per  cent  and  that  the  product 
of  the  ion-concentrations  in  increased  by  about  6  per  cent.  TTiiB  case 
is  a  typical  one;  but  what  tho  quantitative  law  of  the  influpoce  in 
question  is.  can  be  detcrmintwl  only  by  a  further  study  of  the  phe- 
nomenon. In  the  case  of  tri>ionic  salts,  the  inn-concentration  product 
is  even  approximately  constant,  only  when  the  square  — not  when 
the  first  power  —  of  the  concentration  of  the  vinivalent  ion  is  cm- 
I^oyed.  This  has  been  shown  by  experiments  with  lead  iodide  in  the 
presence  of  potassium  iodide,  with  lead  chloride  in  that  of  other  chlo- 
rides, and  with  calcium  hydroxide  in  that  of  ammonium  ehluride. 

I  will  close  by  calling  your  attention  to  a  remarkable  principle  in 
rcpird  to  the  properties  of  salt  solutions,  of  a  characier  quite  distinct 
froiu  those  thus  far  considered.  That  many  properties  of  dilute  salt 
solutions  can  be  cxpresi^cd  as  the  sum  of  vahies  assigned  once  for  all 
to  the  constituent  radicals  or  Iouh  waH  long  ago  recognized,  and  has 
often  been  cited  as  a  oor()llar>'  from  the  ionic  the*»ry.  That  this 
additivity  of  properties  persists  up  to  fairly  high  concentrations  is 
a  fact,  however,  that  haa  received  scant  consideration,  owing  to  its 
apparent  lack  of  n-lation»liip  to  that  theory.  Tills  fact  is  shown  titrik- 
inply  in  thi-  case  of  certain  higlilj'  specific  optical  pro|Mirt.ies  which  arc 
ordinarily  found  to  be  dependent  in  a  high  degree  on  molecular  struc- 
ture. Thus,  the  experimental  data  fully  warrant  the  stjitcment  of  the 
principle  that  the  optical  artiinty  and  the  color  nf  raits  in  solution,  when 
refpTTrd  to  rtfuivalent  ^uantitie«.  are  indiprndpnt  oj  the  conifntraHon  and 
therefore  of  the  dv^ee  oj  ionization  oj  the  talis,  and  arc  additive  toUh  re- 
sf^ft  to  the  }rropcrlit'B  oj  the  coriatHuent  ionx  even  up  to  concfntroHona 
viltrre  a  large  jrroportion  o/  the  salt  is  in  the  un-ionitcd  atatc.  Abimdant 
data  might  be  cited  in  support  of  this  principle,  especially  with  re- 
ferenee  to  optical  activity.  Hut  I  can  only  illustrate  the  character 
of  the  evidence  by  presenting  a  few  of  the  results  obtained  by  Wal- 
den  with  the  salts  of  o-brom-camphor-sulphonic  acid.  In  g'j  normal 
solution  he  fmind  the  following  values  of  the  motal  rotatory  power: 

Lithium  Kalt  .  .     275  Acid  it«elf  .  .  .     273 

Sodium  salt      .  .  .272  B<'rylliuin  salt  .  .  .     274 

Totassium  salt .  .  .273  Zinc  salt  .  .  .    272 

Thallium  salt    .  ,  .    273  Barium  salt  .  .  .272 

The  values  are  seen  to  be  substantially  identical,  although  the  con- 
ductivity shows  the  acid  to  have  an  un-ionised  fraction  of  7  percent. 
the  salts  of  the  univalent  metals  one  of  16  per  cent,  and  those  of  the 


PROPERTIES  OF  AQUEOUS  SALT  SOLUTIONS      323 

bivalent  metals  one  of  30  per  cent,  and  although  the  un-ionized 
molecules  present  contain  in  some  cases  the  elements  hydrogen,  lith- 
ium, and  beryllium  of  very  small  atomic  weights,  and  in  two  others 
the  elements  thallium  and  barium  of  large  atomic  weights. 

If  there  were  not  other  evidence  to  the  contrary,  the  existence  of 
this  general  principle,  which  is  also  applicable  to  many  other  proper- 
ties, would  almost  warrant  the  conclusion  that  the  salts  are  completely 
ionized  up  to  the  concentration  in  question,  and  that  the  decrease  in 
conductivity  is  due  merely  to  a  change  in  migration-velocity.  But, 
in  view  of  the  apparently  conclusive  evidence  against  such  an  hypo- 
thesis, we  can  only  conclude  that  the  form  of  union  represented  by  the 
un-ioni»ed  molecules  of  salts  differs  essentially  from  ordinary  chemical 
combination,  it  being  so  much  less  intimate  that  the  ions  still  exhibit 
their  characteristic  properties,  in  so  far  as  these  are  not  dependent 
upon  their  existence  ae  separate  aggregates. 

These,  then,  are  the  empirical  principles  to  which  a  critical  analysis 
of  the  experin^ental  data  leads.  Upon  these  principles  must  be  based 
the  rational,  theoretical  explanation  of  the  phenomena  in  question. 
The  discovery  of  that  explanation  constitutes  one  of  the  most  import- 
ant of  the  present  problems  of  physical  chemistry. 


SHORT  PAPERS 

Db.  Frank  K.  Caubron,  nf  the  Unit«d  SUUa  Dtptutmcnt  of  Agricullure. 
praeoted  a  ptiper  <>u  "Thf<  Applicatii>D  af  I'liyaicol  Chemistry  to  A^^riculturkl 
CbenDiaHry ,"  tii  ttliirli  Iw  nUitud  Unit  tlu-rr-  wnn  wimir  ilifitctilt.V  in  iip|m)Hc1iing  thia 
«ul>JM-t,  for  tl)«  K«M)n  that  what  oonstilul^a  agricultural  cli«mistry  cannot  b* 
dearly  dfiincd,  luid  llir  Iwiitiddry  lines  iK-twi-rn  it  and  ottirr  branchrJ)  of  k]>i)tled 
dipmistry  are  not  alwnys  evident.  Much  ot  biological  ohemiatTy  and  much  of  jikm^ 
lof^eaJ  chcniisln'  along  liniw  en  which  notable  nc)iicv«nciit«  Iiavo  bm  mndc  by 
th«  opplicatiuos  of  llie  prind|)lea  and  loHlioda  wliich  in  rvctrul  years  ttAVD  oomr 
to  bo  coiled  phyjiiciU  chi>niictry,  c(iiil<:l  with  firopii«t}'  Iw  clninird  nbo  for  ngricul- 
tural  chuniatry.  One  £uda  sKrirultunil  cliiiRitnlB  r-oKN^t'd  ■"  tlin  ttsunination  of 
tIntKii.  fcTtiltxen.  leatlmrv.  and  tanninii.  eta.  as  well  at  in  the  exsminiition  of  focxti' 
er  soils.  tmportAnt  applicAliona  of  physical  chemistry  are  to  be  found  alone  nuny 
of  llirse  lini**  ^rhich  might  be  claimed  for  th'C  agricultural  chemist,  but  disputed  on 
belcingiiiK  ti>  the  liiOd  of  tin-  tndiiKtniil  rhrrniKt  or  iilhr.ni.  Tlii!  luttuufueturv  of 
nitric  acid  by  clectroclicauciilnietliods,  while  k  probkm  of  tndiuitri^  chemistry,  iv 
ini[>arttuit  iiminly  liccniincof  the  ane  of  nitmtrs iti  nKnculturc.  But  ronfininiE mie'a 
aelt  strictly  ta  the  work  profeaaedly  done  in  the  immediate  interest  of  Bgricuttur* 
or  farm  prncticcs,  there  it  much  evidence  to  bo  found  of  the  incrceuunjt  iaflun>c« 
of  phydcal  chuuiatry. 


A  valuable  and  intcrvatiiiK  popcr  followed  on  ttiv  done  relation  nnd  npptic)ttioiu<i 
of  pbysical  clientuitry  to  the  science  of  agriculture,  and  the  spealccT  coucluded  by 
aaying  thut  "The  prolili-jim  pn-wiitrd  by  agrirulturiil  elwtnistry  do  not  commniMJ 
tliKirinrilviw  to  the  invi-ntiKutor  whu  in  iiitcrr^^d  in  cliciniittry  tUunn  for  >ta  Oiro 
sake.  They  are  geneially  complex  and  not  well  suited  to  the  elucidation  or  illu^ 
trotion  of  hypotht!Ma  in  pure  chomiMtry.  The  pecuniary  rcw&rdd  which  Kgrieul' 
tural  chcmisxr>'  oRi-rs  are  not  siiBident  in  comparieon  with  other  fields  to  tempt 
the  iiuin  tnuiinil  jn  phyKicnl  ohcnilKtry  who  wiNhoH  to  tiw  hiK  miuiiunenl  to  tlda 
end.  But  to  the  ina.n  wbo  luis  the  tnuniut;  ajid  who  corea  not  eo  much  that  his 
prohlrms  be  pur<-  science  aa  that  thry  mny  Ijc  undertaken  in  a  wimtific  spirit  and 
with  scientific  tnetliiMlH,  the  application  of  phviiieal  chemistry  to  agriculture  offers 
monv  opportiiiiitiea.  llu  can  have  the  Hatisfaction  of  not  only  doing  good  iKiicntific 
work  but  liimctly  hfCpuifi  nn  injIuHtiy  "t  ultimate  ini|Mirtiincf  to  all  Ilia  race  and  of 
inmediato  importance  to  t)ie  numerically  largcat  cIbm  of  the  rsce." 


Phofessor  Hbnrt  Snyder,  of  the  Univernty  of  SCiuiMota,  read  a  paper  oq 
"The  Di««rtil)ility  of  Broad." 


PKOfiSitOR  Louia  Kahlrnhrro,  of  the  Univenrity  of  WiitconRin,  road  a  |iAprr 
"On  the  Helutiun  between  the  Prooeteca  of  Solution,  Cbetnical  AetiDQ,  and 
Usmosis.' ' 
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(Translated  from  iKe  Gtrman  hy  Prof.  J.  L.  R.  MiiT^an.Cnivmhia  UniwraUy) 

[^Otto  CohaJieira,  Sppdivl  Prof<>»or  of  T*hyi«inlri(ri',  XTnivMWty  of  H«id«lbers; 
AansMnt  Plivwological  Institute,  b.  Mdv  30.  IS"3,  [ireslnu,  (WmiAnv.  OtkI- 
U&te  PhysiciiLn.  ULMdoIbt>rg.  IS90;  M.O.'ibid.  1896;  tVi vat- Docout,  ibid.  1808; 
Ztv>logical  SUitlon,  N«pl«a,  HMMKOi;  Pawlow's  Institute,  St,  Peterabuig.  1902. 
Aathor  of  ChmmiKlnt  vf  .-WbumVnoMn  Svhttanfra;  Phynaltigy  q[  Alpinvm;  And 
many  arlicl«a  oa  bloSogy  and  pbysiologicat  chemistry.] 

The  object  of  the  papers  read  here  is  not  so  mucli  thp  consideration 
W3t  any  onr  rf>«trirted  branch  of  science  tm  it  is  the  discussion  of  those 
broader  fields  which  He  between  and  are  intimately  connected  with 
ftercral  branches  of  flcicncc.  In  accord  with  this  I  propose  to  speak 
^>n  a  subject  belonpng  primarUy  to  the  physiology  of  nutrition,  but 
«3nc  which  at  the  same  time  ha*  ver^'  Rrcat  politico-economic  import- 
ance. To-day,  as  the  result  of  the  great  progress  which  has  been 
xnade  in  the  physiology  of  nutrition,  we  can  in  general  give  a  definite 
^mswer  to  the  question  as  to  the  extent  of  the  agreement  between 
t,he  actually  observed  dietary  of  an  individual  or  group  of  individuals^ 
«tnd  the  conclusions  obtained  theoretically.  At  any  rale  to-day  we  can 
acfrount  phygiologically  for,  and  regard  as  physiologically  necessary, 
wx  whole  series  of  phenomena  which  in  the  past  could  only  be  accepted 
^18  em|Mrica1  facts.  The  physiological  consideration  of  raceHJictarjr, 
^in  the  other  hand,  will  show  how  it  happened  that  social  coneidera- 
lions  for  decades  have  directed  and  restricted  physiological  progress. 

The  food  of  man,  as  is  well  known.  Is  compoBed  of  proteida,  fats, 
^nd  earbohydrat<?8.  In  moat  food-etuffs  we  have  all  three  classee  of 
smbetanccs;  only  sugar  and  butter  belong  solely  to  one  class,  the 
Tomier  being  a  carbohydrate,  the  latter  a  fat.  The  proteids  assume 
a  particularly  important  position  owing  to  the  fact  that  our  bodies 
t.heni9elves  are  composed  to  a  very  large  extent  of  proteiuaceous 
Kiat^rial  and  honce  con  only  be  b-uilt  tip  by  proteids.    The  major 
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portion  of  the  proteids  we  absorb  are  derived  from  bread  and  meat. 
The  foods  nchest  in  proteida  are  meat,  fiith,  t-ggs,  cheese,  milk,  etc.; 
in  short,  those  foods  having  an  animal  origin.  The  older  physiology 
considered  the  material  oumpoution  of  the  food  as  the  essential  char- 
acteristic, although  even  LiL>big  recognized  metabolism  &s  &  pnicctfe 
of  combustion,  and  it  is  the  work  of  the  Voit  school  which  hait  caused 
the  caloritnetrical  value  of  food  bo  attain  its  present  central  position. 
hy  it8  cunibuetion ,  tlic  nutriment  absorbed  supplies  the  erirr^-  which 
is  required  by  the  human  body  for  its  various  purposes.  The  value 
of  a  food,  then,  can  be  exprenised  by  the  amount  of  energy  it  ean  pro- 
duce, and  this  value  can  be  stated  clearly  and  accurately  in  the  ordi- 
nar}'  terms  nf  energy,  i.  e.,  in  units  of  heat,  or  calories.  As  the  result 
of  years  of  work  by  various  iiivestigatom  it  has  been  found,  that  the 
individual  foods  can  be  almost  completely  represented  by  their 
c&lorimetrical  values.  Kubner,  Zunls,  ami  Alwater,  by  differing 
methods,  have  all  come  to  the  same  conclusion,  viz.  that  for  purpoace 
of  heJit  and  muscular  action,  i.  e.,  for  its  principal  requirements, 
proteids,  fats,  and  carbohydrates,  the  organism  can  employ  vegetable 
and  animal  foods  equally  well.  That  the  civilized  nations  of  Europe 
and  .\mcrica  employ  bread  and  meat  tut  the  principal  source,  while 
the  Indians  and  Chinese  use  rice  exclusively,  and  the  I'^uimoa  fat, 
is  not  due  to  any  difference  in  ph>'3iotoKical  organization,  or  to  diflfer- 
ing  needs  of  the  body,  but  simply  to  the  more  or  less  easy  attainment 
of  the  Bubsteneps,  fruitfulnew  of  the  soil,  and  other  secondary  cir- 
cumstances. 

The  law  of  the  calorimetrical  equivalency  of  all  food-stuETe  has  but 
one  notable  exception.  So  far  as  inventi^tion  has  been  carried  out  it 
has  been  found  that  the  dietary  of  any  man  or  race  always  containe 
a  certain  and  apparently  similar  amount  of  proteinaccous  material. 
The  kind  of  material  seemingly  has  little  influence,  but  about  100 
gr.  of  protein  is  found  with  great  constancy  in  the  daily  food  of 
the  individual.  In  the  food  of  a  powerful  man,  who  exerts  a  fairly 
large  amount  of  muscular  effort,  Voit  found  118  gr.  of  proteida  per 
day,  and  he  assumes  this  as  a  basis  for  the  dietary  of  a  soldier. 
Weaker  men,  doing  less  muscular  work,  require,  according  to  Voit,  a 
smaller  quantity  of  proteids.  For  the  poorly  nouTishe^d,  and  also  for 
those  who  are  incapable  of  any  intense  effort,  the  hand-loom  weavers 
of  Zittau.  the  poor  of  Naples,  and  the  poorest  negroes  of  Alabama, 
von  Rechenberg.  Manfredi,  and  Atwater  have  found  much  lower 
amounts.  During  comparntivcly  short  laboratory  experiment*, 
Munk,  Hirschfeld,  Kumagawa,  and  eapeeially  Siv<5n  have  found  con- 
siderably smaller  quantities.  For  well-nourished  men,  during  long 
periods.  Chittenden,  only,  found  less  proteids;  oilierwise.  pliyKio- 
iogical  investigation,  as  well  as  the  experience  of  daily  life,  has  shown 
that  it  is  not  well  to  consume  leeB  than  100  gr.  of  proteids  per  day. 


PROBLEMS  IN  NUTRITION 


320 


This  BiDDUDt,  indeed,  is  rarely  exceeded,  for  Chittenden  has  shown 
tliat  even  the  diet  of  well-to-do  Americana,  which  appears  to  u»  as 
the  richeet  in  proteida,  scarcely  ever  exceeds  100  gr.  of  proteida  a  day, 
and  the  investigation  of  the  freely-chosen  fare  of  the  moat  various 
icdividuBls  leads  to  the  same  rcsrdt. 

The  question  as  to  the  need  of  the  human  Ixxjy  for  100  gr,  of  pro- 
teinsoeous  materiaJ  per  day  has  often  been  raised;  and  even  u>dfty 
cannot  be  answered  with  certainty.  During  the  last  years,  however, 
vc  have  learned  of  a  series  of  rcatfona  which  cnay  son-c  to  llirow  some 
light  upon  the  subject. 

That  the  growing  orKflnism  requires  protcidfl  is  self-evident,  for  in 
this  way  only  ran  it  obtain  the  miit^rinls  of  which  It  is  composed. 
We  know  further,  however,  that  the  adult  organism  contimmlly 
Lrcpaira  and  increasen  ita  organn  and  conFteqiientlY  also  requires  pro- 
B,  According  to  Zunta  a  man  inrrt-asrs  his  muncles  when  he  does 
customed  work  (for  example,  when  he  Icama  a  new  sport)  orevea 
"by  increased  exertion  upon  his  usual  work.  Bungc  attributes  a  con- 
siderable n>quirement  of  proteida  in  adulta  to  the  loss  of  organ- 
proteids  in  the  sperm  of  man,  and  to  menstnLation,  pregiiADcy,  and 
UctatioQ  in  woman.  And  later  years  have  disclosed  the  genetic 
relations  of  many  decomposition-products  of  the  proteida  with  carlso- 
hydiBtes.withsubBtanccaof  the  bile,  and  others,  which  arc  neeeasary, 
at  any  rate  for  a  time,  to  neutralize  poisons,  or  which  arc  c&sential 
for  the  intermediate  metaboIlBm ;  and  these  relations  appear  to  render 
desirable  at  least  the  presence  of  a  copious  supply  of  protein&ceo\is 
material. 

A  second  reason  is  more  difficult  to  grasp.  Even  the  first  metabolic 
experiments  of  Voit  showed  that  although  the  proteida  poBseea  no 
higher  nutritive  (fuel)  value  than  the  carbohydrates,  and  a  very  much 
smaller  nutritive  (fuel)  value  than  the  fata,  they  burn  very  much 
roore  rapidly;  and  this  has  since  been  repeatedly  confirmed.  When 
the  supply  of  proteids  in  the  food  is  increased  above  the  actual  need 
of  the  body,  the  fats  and  carbohydrates  are  stored  up,  and  the  pro- 
teids are  burned  to  a  very  much  greater  extent.  The  reUtions  between 
the  cells  of  our  bodies  and  the  substances  absorbed  as  nutriment  can 
befit  be  illustrated  by  an  analogy.  For  the  neutralisation  of  an  alkali 
any  acid  may  be  employed;  but  when  several  acids  of  differing 
strength  are  present  together,  the  strongest  one  will  be  partially 
saturated  l»fore  the  others  even  begin  to  react.  In  the  same  way 
protoplasm  can  supply  its  iici-d  with  all  three  nutritive  substimces; 
but  when  all  three  ere  present  at  once  the  proteids  burn  first.  With 
a  lo^c  excess  of  the  other  two.  however,  the  action  of  thcb-  massea 
becomes  evident,  exactly  as  in  the  illustration  with  the  acids,  and 
they  protflrt  the  proteids  from  combustion.  In  the  absence  of  fats 
and  carbohydrates,  the  body  readily  goes  into  such  a  state  that  its 
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own  proteids  sre  nttacked,  t.  a.,  it  consumes  itwlf.  This  is  probably 
thr  mniit  tmportant  reaKon  why  a  definite  miiiimum  amount  of  pro- 
tt-ida  in  cAsentittl  in  a  snmll  total  amount  or  nutriment.  Tliat  further 
difTerencra  exist  among  the  individual  organs  thvmselvca  ia  atUl  to 
be  proven,  but  at  present  it  nppcare  quite  probable. 

A  third  ground  has  biprn  disclosed  during  the  past  few  years  by 
the  work  of  the  Rrent  Russian  investigator,  I'awlow.  We  know  from 
this  that  the  nervous  connection  nf  the  digRSiive  «y«tcm  with  the  sense 
organs  of  the  head  dctennincs  the  rnjoymcnl  of  the  food,  and  hence 
re^latee  the  choice  of  that.  Wo  konw  further  from  l*awlow,  Wcin* 
tand,  ftnd  Starling  that  this  connection  ia  not  fixed  once  for  ell,  but 
varies  according  to  the  needs  of  the  time.  When  any  such  relation 
is  observed  we  must  always  conclude  that  it  is  adapted  to  an  end,  for 
ntherM-ise  it  would  have  disappeared  within  «  short  time.  Pure  pro- 
teids  are  tasteless  and  odorless,  and  also  fail  to  act  upon  the  nenst- 
tive  nerves  of  the  stomach  and  intestine;  in  all  natural  foods,  on  the 
other  hand,  the  proteids  are  a.lways  associated  with  the  plcaaant- 
tasting  constituents  of  nutriment,  and  thoM  which  stimulate  diges- 
tion. For  us,  just  as  for  the  carnivorous  animals  investigated  by  Paw- 
low.  Iho  substance*  richest  in  proteids  are  always  the  most  plea-sant  to 
the  tasLe.  and  those  which  arouse  the  appetite  the  most.  The  foods 
which  are  poorer  in  proteids,  as  hce  and  potatoes,  stimulate  the  digee- 
tion  lees  and  consequently  are  more  difficultly  digestible.  A  food-stuff 
free  from  proteidfl  has  already  been  shown  in  animal  experiments  to 
be  impoasibleas  a  diet,  and  even  in  experiments  with  eubstancee  which 
are  poor  In  proteids  Siv&i  and  Rohl  encountered  insurmountabledif- 
fieullies  owing  to  the  tastelessness  of  the  umterial. 

Even  though  we  do  not  as  yet  know  all  the  reasons,  it  is  at  any  rate 
obvious  that,  for  long  periods  of  time  and  for  normal  nutrition.  Volt 
has  discovered  the  correct  condition,  vit.,  that  an  amount  of  proteids 
equal  to  100  gr.  per  day  is  esnentinl,  or  at  any  rate  can  be  designated 
tm  desirable. 

Since  in  consequence  of  the  special  internal  organization  of  the 
human  body,  and  bt^causc  it  is  the  minimum  amount  used  by  all  men, 
this  amount  of  proteids  is  independent  of  the  form  of  nourishment 
absorbed,  and  independent  of  the  habits  of  life.  Even  as  early  ae 
1S6U  and  1866  Voit  showed  that  the  protein  eon.sumption  of  those 
doing  hanl  work  is  not  greater  than  of  those  who  do  none;  and  this 
result  has  been  confirmed  many  times.  The  American  physiologist, 
Atwttter,  has  made  an  especial  study  of  thLi  question,  using  his 
respiration  calorimeter.  As  the  average  of  nuinc^rous  experiments, 
carried  out  with  the  greatest  exactness,  he  found  that  the  subject 
of  experiment,  whether  resting  or  working,  decomposed  the  same 
amount  of  proteids,  even  when  the  production  of  calorics  by  the 
work  rose  to  double  or  more.    Indeed,  the  decomposition  of  proteids 
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can  even  be  decreased  by  muacular  activity,  for  the  larger  total  erf 
nutriment  consumed  preventa  the  decomposition  of  the  proteids  of 
the  body. 

Hic  total  amount  of  nutriment  of  a  man  is  almost  exclusively 
determined  by  the  muscular  work  he  performs.  The  mental  work 
has  nothing  to  do  with  nutrition;  whether  the  brain  is  used  in* 
tensely,  or  whether  it  is  retained  ae  inactive  aa  is  possible,  as  far  as 
we  know  to-day,  does  not  seem  to  affect  the  requirement  of  energy 
by  the  body,  nor  its  requirement  of  food.  The  amount  of  energy 
required  by  the  individual  to  Hustain  bis  bodily  temperature  diffem 
but  slightly,  for  the  differences  in  ext-Hrnal  temperature  are  nearly 
compensated  by  the  wonderfully  acting  lieat  regulation  of  our  bodies, 
and  the  artificial  heat  regulation  by  our  clothc3  and  dwellings.  Tlie 
infiaeoce  of  muscular  activity  is  very  much  greater.  A  man  resting 
<]tdet]y  in  a  warm  room  requires  from  1500-1700  calories  per  day; 
vhile  one  working  in  tlie  laboratory,  or»tting,  produces  from  2100- 
240O  caturies.  For  light  hand  labor  this  is  increased  to  2800,  while 
for  laborers,  Liebig  and  othera  have  observed  from  4000-()000  calories, 
and  Atwater  and  Wood  found  up  to  8000  calories  for  the  lumbcruit-ii 
of  Maine.  As  llic  avcroKO  uf  all  his  experiments,  Atwater  found  2270 
ealorics  for  quiescent,  and  4550  calorics  for  bard-working  people,  t.  e. , 
exactly  double  the  value. 

Although  the  total  numbcrof  calories  varies  according  to  the  work. 
the  amount  of  proteids  for  all  men  remains  approximately  equal. 
and  from  this  we  cah  draw  an  important  conclusion.  The  food  of 
thoee  not  doing  physical  work  must  be  relatively  richer  in  proteids, 
for  an  equal  absolute  amount  of  proteids  must  be  contained  in  a 
smaller  total  amount  of  food.  The  foods  richest  in  proteids  are  meat 
And  the  other  products  of  the  animal  kingdom,  and  it  is  evident  that 
the  diet  must  be  the  richer  in  meat,  the  less  physical  work  done 
by  the  person.  An  illustrative  example  will  make  this  quite  clear. 
A  laborer  does  hard  physical  work,  and  consequently  requires  a  diet 
which  produces  5000  calories  per  day.  Consuming  only  bread,  pota- 
toes, and  other  vegetable  products,  he  would  obtain  100  gr.  of  pro- 
teids and  even  more  without  trouble.  Let  us  assume  that  he  moves  to 
a  city  and  changes  his  occupation,  living  a  sedentary  life.  For  this  he 
would  require  but  2.'iO0  calories,  and  retaiuiag  the  quality  of  his  diet- 
ary be  would  have  to  do  one  of  two  things.  Either  he  must  eat  the 
previous  quantity,  which  would  he  impossible  for  any  length  of  time, 
for  the  body  could  not  use  such  an  excessive  amount,  or  he  must 
decrease  It  to  one  half,  whereby  he  would  obtain  the  requi^te  number 
of  calories,  but  with  them  only  50  gr.  of  proteids.  To  nourish  himself 
properly,  then,  he  will  have  to  decrease  his  allowance  of  food  to  one 
half,  attd  add  to  it  50  gr.  of  proteids,  i. «.,  about  250  gr.  of  meat.  This 
example,  of  course,  is  extreme,  and  will  not  often  be  observed  with 
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guch  distinctness.    The  principle,  however,  is  always  to  be  observed. 
The  food  of  those  belonging  lo  tlie  well-to-do  classes, i.£., of  those  ' 
do  no  hnrd  physical  work,  in  all  countries  contains  the  most  meat. 
This,  however,  is  no  luxury,  but  is  baaed  upon  physiological  grounds.  I 
Comparing  different  countries,  or  dlfifcrent  clafisea  in  the  same  countrj*,  I 
we  always  obtain  the  following  result.  To  the  dogrco  that  pure  hand, 
labor  ia  replaced  by  tbo  work  of  the  head,  and  that  of  overseeing' 
machines,  to  that  same  degree  is  the  consumption  of  meat  increased. 
This  is  sho'A'n  moat  obviously,  however,  by  the  comparison  of  the- 
country  population  with  that  of  the  city.  The  modern  mill-band  lives,  < 
it  is  true,  by  the  work  of  hia  hands,  but  that  work  is  quite  different' 
from  that  done  by  the  farm  laborer.  The  overseeing  and  directing  of' 
the  coiiipUcated  machines,  as  every  other  form  of  skilled  labor,  re-- 
quires  attention,  intelligence  and  dexterity,  but  does  not  require  thai 
muscular  exertion  necessary  for  mowing,  thresliing,  and  the  felling  of  > 
tree-8.   With  the  difference  in  activity  there  must  also  be  a  different* . 
in  the  quantity  and  kind  of  food.  The  people  in  a  city  in  general  eat 
less  in  total  amount,  but  this  food  ie  qualitatively  different,  i.  c, 
must  consist  of  substances  relatively  rich  in  proteida,  as  meat  and 
other  animal  pniducts. 

From  the  politico-economical,  aa  well  bs  from  the  medical,  point  of 
view  the  smaller  amount  of  food  consumed  by  the  mill-hand,  tm  com- 
pared to  tlmt  of  the  fanu  laborer,  m  regarded  a»  a  sign  of  degeneration,  i 
This  is  obviously  untrue,  for  there  is  no  general  standard  of  nutrition  , 
which  is  applicable,  or  even  desirable,  for  all  men.    The  nutriment, 
with  respect  to  quantity,  is  dependent  solely  upon  the  amount  oj 
muscular  work  done.    On  the  other  hand,  the  inerensed  consumption 
of  meat,  eggs,  and  other  foods,  agreeable  to  the  tfl-ste  because  rich  in 
proteids,  has  been  attributed  to  the  greediness  of  the  urban  popula- 
tion,  Nothing  could  be  more  false.  It  is  just  for  this  large  class  that* 
the  enjoyment  of  meat  and  other  foods  rich  in  proteids  is  a  physio-! 
logical  postulate;  and  for  the  other  large  class  making  up  the  urban  | 
population,  merchants,  ofTicials,  clerks,  etc.,  this  is  true  in  oven  a  , 
more  striking  degree,  for  the  physical  work  necessary  in  such  occu- 
pations is  still  smaller  in  amount,  and  their  food  must  consequently 
be  even  richer  in  proteids.  | 

It  is  not  for  me  to  draw  further  conclusions  Iraia  the  phyBKHl 
logical  principle  that  the  food  of  the  urban  population  Should  «ontaia| 
loss  vegetable  and  more  animal  substance.  I  must  rather  consider  > 
the  influence  of  those  relations  upon  physiology  itself.  The  classes  not  I 
doing  severe  physical  work  are  the  higlier  and  better-to-do,  and,  since  « 
they  are  great  meat-eatcm,  it  is  but  too  easy  to  conclude  that  in  gen-  [| 
eral  meat-eaters  are  the  most  valuable  and  best.  Tliis  opinion  is  very  ,, 
rife  in  lay  circles,  and  even  physiology  has  not  long  been  free  from  it. 
The  great  Liebig,  the  founder  of  the  doctrine  of  scientific  nutrition,- 
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held  that  mpiit  ia  the  only  active  form  of  ftmd  (for  misciilar  activity^ 
and  Ascribed  to  it  a  very  high  nutiitivc  valuta.  Liebig'd  theory  waa 
disproved  44  years  ago  by  Voit  and  soon  aftcr*'ard  by  Fick  and  WiB- 
lic<>nius.  But  even  lo-day  there  arc  physiologists  who  hold  fast  to  the 
LJebig  doctrine,  and  indeed  the  relics  of  it  are  still  to  be  found  every- 
where in  physiology  and  medicine.  The  tenacity  of  life  of  thb  old 
error  would  be  difficult  to  explain,  were  it  not  apparently  supported 
by  the  daily  experience  that  the  well-to-do  eat  meat,  eggs,  etc.,  while 
the  day  laborers  satisfy  themflelvee  with  bread  and  potatoes. 

From  the  difference  in  the  diet  of  those  who  do  severe  muscular 
work  and  tliose  who  do  none,  there  ia  a  further  conclusion  to  bo 
drawn.  Tlie  only  indigestible  constituent  of  human  food  is  cellu- 
lose.  Cellulose,  being  contained  only  in  vegetable  food,  forms  but 
a  Bmsll  constituent  of  the  diet  of  the  man  doing  little  physical  work. 
According  to  von  Knieriem  cellulose  is  of  great  importance  in  the  pro- 
cess of  digestion,  for  aa  indigestible,  solid  substance  it  stimulates  the 
activity  of  the  intestine.  While  carnivorous  animals,  with  their  short 
muscular  intestine,  do  not  require  it,  graminivurous  animals,  with 
their  long,  coiled,  weak  intestine,  cannot  do  without  it  for  any  length 
of  time.  Man,  in  the  organisation  of  his  digestive  apparatus,  stands 
midway  betw^n  these  two  extremes,  and  while  cellulose  is  not  abso- 
lutely essential  to  him,  its  absence  sometimes  causes  a  motoric  atrophy 
of  the  intestine  which  results  in  chronic  constipation  and  itn  conse- 
quences. The  connection  between  constipation  and  aedcntarj*  occu- 
pations has  long  bepn  recognized,  but  ponple  have  been  ton  prone  to 
Rtteinj>t  to  explain  it  mechanically,  wherea.s  the  connecting  link  in 
teality  is  the  dietary  of  the  man  leading  the  sedentary  life.  In  his 
daily  life  such  a  man  dors  but.  little  physical  work,  and  conKcquontly 
in  general  cats  little,  and  especially  little  of  the  vegetable  food  poor 
in  proteids  but  rich  in  cellulose.  We  hear  nothing  of  digestive  troubles 
of  the  people  living  in  the  country,  while  eily  people,  especially  the 
well-to-do,  suffer  severely  from  them.  In  England  and  America, 
judging  from  the  wide  advertisement  of  purgatives,  the  trouble  » 
much  more  common  than  in  Germany;  but  In  both  lards  the  ryo 
bread,  which  is  comparatively  rich  in  rpUuloHe,  is  rrplacctl  by  fine 
whc&t  bread,  whicli  is  much  pi>orcr  in  cellulose,  and  the  substitution 
of  animal  products  for  bread  is  also  more  common  tlian  with  us. 

The  vegetarians  have  been  agreed  on  this  point  for  a  long  time. 
They  observed  how  many  digestive  and  other  troubles  are  comnion 
to  the  dwellers  in  cities  {i.  e.,  where  few  live  like  the  vegetarian  pea- 
sant), and  all  without  knowledge  of  the  physiological  grcmntlfi  hold  up 
the  peasant  oe  the  ideal  for  the  citizen.  But  what  is  correct  for  the 
peasant,  who  must  produce  4000-5000  calories,  is  not  correct  for  those 
who  require  but  2300  cnlorios  or  loss.  He  obtains,  then,  as  explsined 
above,  too  little  of  proteids,  or  aids  himself  by  his  fondness  for  the 
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vegetables  rich  in  proteids,  but  at  the  same  time  poor  in  cellulose, 
and  hence  fails  utterly  to  attain  his  end. 

It  would  be  more  correct  if  the  transition  to  the  vegetable  diet  is 
combined  with  a  treatment  which  will  increaw  the  need  of  substance, 
08  has  been  done  from  non-»;ientific  sides  and  without  knowledge  of 
Ihc  physiological  principle. 

The  oaty  rational  euro  for  the  disturbanees  which  cao  ultimately  be 
traced  to  the  lack  of  muscular  activity  i^  to  devote  one's  self  to  this 
muscular  work  outside  of  one's  daily  occupation,  as  is  possible  by  ud 
of  the  various  sports.  It  ia  no  accident,  but  rather  a  neccGoary  physio- 
logical phenomenon,  that  the  need  of  active  sports  has  alwaj-s  devel- 
oped wherever  there  is  a  class  of  society  made  up  of  thoee  doing  no 
ioteose  phyeical  work.  Indeed,  we  can  readily  follow  this  in  lusiory; 
when  tlie  citizens  of  the  Greek  eiticB  devoted  themselves  to  athletic 
sports,  when  tlie  knights  of  the  Middle  Age«  jousted,  there  was  always 
an  aristocracy  who  did  no  manual  labor.  The  home  of  our  modem 
sporta  is  Engl&nd,  the  oldest  industrial  country.  In  Germany  the  first 
steps  in  the  direction  of  sports  were  made  at  the  universities,  where 
thousands  of  young  men  did  mental  work.  The  scope  of  the  sport  of 
to-day  is  very  much  bniader,  however,  for  ita  foilowera  include  mer- 
chants and  the  workers  in  tlie  various  industjies.  Sporu  lead  directly 
to  a  change  in  the  food  requirements  of  the  individual;  every  bicy- 
clist, every  mountain  climber  knows  that  on  his  trips  he  con  cat  things 
which  do  not  appeal  to  him  at  all  when  at  home.  I  must  be  content 
here  to  restrict  myself  to  these  indications  disclosing  the  scieatific 
principles  of  this  subject,  which  is  apparently  so  far  removed  from  our 
point  of  departure.  Ity  unwearj-ing  work  the  physiology  of  nutrition 
has  established  a  scientific  experimental  foundation  upon  which  other 
sciences  may  now  build. 
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In  considering  a  pni|KT  pn-scntfttion  of  the  subject  assigned  rae, 
1  am  impresaed  with  the  iiillucnce  which  a  man's  own  field  of  v/drk 
and  his  own  line  of  thought  will  naturallj^  exercise  upon  his  point  of 
view.  It  may  be  questioned  whether  his  judgment  can  be  wholly 
truet«<i,  whether  he  will  not  in  fact,  unconscioualy  it  may  be,  give  a 
dwarfed  or  one-aided  presentation  of  the  subject  from  a  natural  habit 
of  looking  at  things  in  their  bearing  upon  the  Une  of  work  and  thought 
in  which  he  himself  i»  perannally  most  intcrci^tcd.  While  thig  may 
not  be  wholly  undesirable,  of  still  ftrcatcr  advantage  will  be  a  brief  but 
judicJoui  pre-sentation  of  all  the  more  important  problems  that  con- 
front the  physiological  chemist  of  the  present  day;  but  whether  thJa 
can  be  done  satisfactorily  in  the  time  allotted  is  very  questionable. 
However,  the  effort  will  be  made  to  emphasize,  so  far  us  the  time  will 
allow,  what  to  the  writer  seem  the  more  significant  and  far-reacliing 
problcma  in  physiological  chemistry  that  call  for  speedy  solution. 

Of  fundamental  importance  \b  the  question,  what  is  the  exact 
chemical  constitution  of  pruteid  matter?  Tlie  basis  of  all  cell-life,  the 
moBt  complex  molecule  that  enters  into  the  structure  of  the  living 
organism ,  proteid  or  albuminous  material  holds  a  peculiar  position.  A 
labile  molecule,  it  is  eaaily  pmnc  to  change,  and  its  many  dccompoei- 
tion-products  confront  us  on  all  aides  in  our  study  of  life's  processes. 
Yet  to-day,  in  spite  of  all  that  has  been  accomplish'ed,  even  with  the 
brilliant  work  of  Kossel  and  Emil  Fischer,  we  still  lack  adequate 
knowledge  of  all  the  groups  and  radicles  that  are  combined  in  this 
atomic  complex. 

In  the  study  of  metabolism  and  nutrition,  both  in  health  and  in 
disease,  in  our  conception  of  the  anabolic  proceaaea  of  life,  in  our 
theories  regarding  the  chemical  relationships  of  the  varied  katabolites 
floating  about  tlirough  the  organism,  and  in  many  other  connections, 
we  need  for  our  guidance  a  fidl  knowledge  of  the  chemical  nature  of 
this  moat  important  class  of  substances.  Thanks  to  the  work  of  many 
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brilliant  invp9li|;;ator3,  our  knowledge  is  progrer^sing  and  hroaclemng, 
but  we  still  luck  that  comprehensive  understanding  of  the  inner  titrucv 
turc  of  the  molecule  that  would  serve  to  illuminate  our  field  of  vision 
and  give  iia  a  clear  cnncrption  of  the  chrniical  constitution  of  tbu 
group  of  ph>'8iologi<:&lly  important  ground  sub&tAnccs  in  living  pro- 
toplMm. 

As  is  well  known,  the  proteid  bodies  constitute  a  group  of  wnddy 
divergent  substanceH.  Of  these,  the  basic  protamines  are  undoubtedly 
the  simplest  and  lowest  in  the  scale,  and  it  is  quite  probable,  as  sug- 
gested by  KosscI,  that  these  substances  constitute  the  nuclei  of  ail 
proteids.  The  protamines  differ  somev^'hat  among  themselves,  but  as 
ft  group  they  arc  chaTaoterized  by  their  high  content  of  diami no-acids, 
especially  arginiD.  Tlius,  salmin  yieldi;  on  decomposition  S4  per  cent 
of  arginin,  clupein  82  per  cent,  cyclopterin  62  per  cent,  and  sturin  53 
per  cent.'  Sturin  also  contains  13  per  cent  of  histidin  and  12  per 
cent  of  lysin,  white  ihe  other  protamines  appear  to  contain  no  dia- 
mino-acidfi  aside  from  arginin.  Further,  the  protamines  contain  dia- 
mido-valerianic  acid,  monoamido- valerianic  acid,  tjrosin  or  p-oiy- 
phenyl-amido propionic  acid,  skatolftminoacetie  aeid,  a-pjTTolidin- 
carbonic  acid  and  serin.*  Salmiii  *  has  also  been  sliown  to  contain 
alanin,  leucin,  probably  also  phenylalanln  and  aspartic  acid. 

If  we  pass  from  the  simplest  of  the  proteid  bodies  to  the  raoet 
complex,  as  the  nucleins,  we  find  present  in  the  tatter  not  oniy  arginin, 
lysin,  and  bistidtn,  but.  in  addition,  such  bodies  as  thymin,  the  purin 
bases,  leucin,  aspartie,  and  glutamic  acide,  two  sulphur-containing 
groups,  furfurol-foriiiing  groups,  pyrrolidincarbouic  acid,  a  skatol- 
forming  group,  phosphoric  acid,  amidcvalerlanic  acid,  a  tevuUiuc 
acid-forniiriK  Rroup,  glycoeaminc,  pentose,  uracil,  and  probably 
phenylamido-propionic  acid.*  In  the  tiiston  from  the  nucleohiaton 
of  the  tliymus,  we  find  in  addition  to  the  hexone  bases  and  the 
monoamido-acida  characteristic  of  the  ordinary  albuminous  bodies 
such  substances  as  glycocnll,  cystin,  and  aiunin. 

These  statements,  brief  and  incomplete  though  tlicy  arc,  will  serve 
to  illuatrate  the  complexity  of  the  proteid  molecule,  and  at  the  same 
time  Lht-y  indtp-ate  the  close  Kcnctic  relationship  which  unquestionably 
exists  between  the  varied  mcmberB  of  this  large  group  of  substances. 
There  In  no  doubt  that  Kossel  and  his  co-workers,  in  their  efforts  to  un- 
ravel the  constitution  of  the  protamines,  are  pursuing  a  wie>o  course  in 
paving  the  way  for  a  comprehension  of  the  exact  nature  of  the  more 

>  KoBscI  and  Ma  students.  Sm  KomaI  and  Dakin.  I/<6n-  Saimin  vnd  Cbtjuim, 
Zmaehrijl  f^r  phyirioh^tftm  Ckrmie,  Bftnd  41,  p.  407. 

'  KoMwl  iind  I>akin,  /iwinlflp  mm  Su^em  aer  ein!arhf(tn  EivMi»AkOrper,  Ztt^ 
achri/t  Jiir  phyriotoffiiiclu  Chftni* .  Band  40.  p.  5<(5. 

*  AUlnlinidfn,  Die  .VonodmiruMKlumt  dt*  Salniiu,  ZeilaeKrifl  /ilr  phyttotogMie 
Chfmi'r.  nand  II.  p.  M. 

*  Stif  Kossol.  Uber  den  ptgenvArttgen  Stand  dtr  Eiweita  Chemie.  BarichU  itr 
DcuUchen  Chem.  GetttUchaft,  JahrKWig  34,  p.  321-L 


\ 


PRESENT   PROBLEMS 


337 


complicated  protcidd.  llicrc  is  no  doubt  tbat  the  protamines  of  one 
type  or  another  arc  integral  pnrtfi  of  every  proteid  molecule ,  and  when 
their  chemical  constitution  is  made  quite  clear,  much  will  have  been 
accomplished  toward  a  fuller  understanding  of  the  more  complicated 
forms. 

It  needs  no  imagination  to  foresee  what  a  full  knowledge  of  the 
chemical  constitution  of  ail  types  of  proteid  matter  will  mean  for  the 
physiologist  and  phyeiological  cbcmift.  Much  that  is  now  cloudy  and 
unceitain  in  our  understanding  of  cell  nnd  tissue  melabolism,  in  our 
eomprehonsion  of  nuu-itlve  changes  in  general,  of  digestive  proteo< 
l}*8ia  and  of  intracellular  aiitolyslB,  will  become  clear  as  crj-stal.  The 
problem,  however,  is  not  a  simple  one.  but  is  exceedingly  cnmplex,  for 
it  ia  to  be  remembered  that  just  as  the  individtial  proteids  differ  from 
each  other  in  superficial  reactions  and  characteristics,  so  do  they 
undoubtedly  differ  in  their  inner  structure.  Hence,  wc  must  expect 
to  find  variations  in  the  mako-up  of  the  individual  moleculos,  and  it  is 
one  of  the  moat  important  problems  of  to-day  to  ascertain  the  nature 
of  these  chemical  variations,  to  recognize  the  individual  groups  that 
give  character  to  the  molecules,  and  to  learn  how  these  groups  are 
bound  together  to  make  the  typical  proteid  of  this  and  that  tissue  or 
organ.  The  solution  of  this  problem  promises  much  for  the  advance- 
ment of  physiological  chomifitry,  but  it  holds  out  the  promise  of  even 
more  for  the  good  of  physiology  in  general,  since  there  ia  bound  up  in 
the  chemical  structure  of  the  proteid  molecules  a  full  and  complete 
explanation  of  tissue  changes,  and  of  many  metabolic  phenomena 
which  to>day  are  as  scaled  volumes. 

The  development  of  our  knowledge  regarding  the  cell  as  a  physio- 
k>gical  unit  has  led  to  a  fuller  recognition  of  the  importance  of  dis- 
criminating between  the  primarj'  and  seeon<larj-  cell  constituents.  As 
a  result,  the  physiological  chemist  has  come  to  realize  the  necessity  of 
more  exact  knowledge  as  to  the  natun:  and  distribution  of  the  pri- 
mary oompouenta  of  cells,  because  of  the  l)caring  this  knowledge  may 
have  upon  thegeneralquestionof  howfarthe  lines  of  chemical  decom- 
position characterwtic  of  each  group  of  cells  are  dependent  upon  the 
character  of  the  anabolic  proeesses  by  which  that  particular  cell  pro- 
toplasm is  formal,  and  how  far  the  peculiar  kataboUc  or  retrogressive 
changes  of  that  gn>up  of  cells  are  due  to  outside  influences,  exerted 
by  specific  nerve  fibres,  or  by  the  character  of  tlie  blood  and  lymph 
stream.  The  physiological  chemist  would  know  whether  the  secret  of 
glandular  secretion,  of  tissue  changes,  of  metabolic  actiWty,  ia  to  be 
found  in  the  particular  forms  of  protoplasm  that  enter  into  the  atruo- 
ture  of  the  component  cells,  whether  it  is  associated  in  any  way  with 
some  inherent  quality  of  the  primarj'  cell  constituents. 

There  is  something  mar^'clous  in  the  unerring  certainty  with  which 
a  given  group  of  cells  performs  its  work,  never  deviating  a  hair's 
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breadth  from  the  beaten  course,  and  turning  out  year  after  year  a 
definite  lire  of  products  for  the  specific  purpose  in  view.  Why  is  it 
that  the  epithelial  cells  of  the  salivary  glands  alwaj-s  manufiiftture 
mucinogen  and  ptyalin;  the  gastric  gland  cells  pepeinogcn,  rcnnino- 
gen ,  and  hydrochloric  acid ;  the  cells  of  the  pancreas  t  rypi^inogcn  and 
steapgin;  the  hopatie  cellg  bilirubin,  bilivcFdin,  and  the  specific  bile 
acide;  thccclUof  the  thyroid  todothyriji,and  the  celts  of  the  adrenals 
epinephrin?  Essentially  the  same  blood  and  lymph  b&the  all  these 
cells  with  a  Like  nutritive  pabulum,  and  yet  each  gi'oup  of  cells  per- 
forms its  own  line  of  work,  never  going  astray,  in  health,  and  never 
even  temporarily  producing  a  product  which  rightfully  belongd  to  the 
other  class  of  cells.  Are  we  to  suppose  that  all  these  varied  products 
arc  manufactured  from  the  same  cell  protoplaam,  from  a  codudod 
stock,  that  each  one  uwcs  its  origin  to  some  panicular  force  coQtroUed 
by  extracellular  influences,  each  group  of  cella  being  made  to  manu- 
facture a  given  product  out  of  the  same  mother  substance?  Or,  on 
the  other  hand,  are  we  to  assume  that  each  group  of  tells,  as  it  is 
developed,  has  ss  a  birthright  the  quality  of  producing  from  its  par^ 
ticular  pnitopiasm  &  certain  line  of  products,  Hiuiply  because  of  the 
peculiar  chemical  nature  or  constitution  of  that  protoplaamT 

la  other  words,  do  all  the  intricacies  of  cellular  activity  depend  pri- 
marily upon  the  charucter  of  the  anabolic  processes  by  which  that 
protoplasm  is  built  u|)  out  of  the  food-umturials  by  which  the  cells  are 
nourished?  It  may  be  just  as  difficult  to  explaiu  why  aod  how  the 
oella  lire  able  to  manufacture  a  specific  protoplasm  out  of  a  common 
pabulum,  but  the  main  problem  which  confronts  us  is  surely  capaWo 
of  being  solved.  We  need  to  know  how  far  the  primary  cell  constitu- 
ents of  different  groups  of  cells,  of  the  different  organs  and  tiwincM,  are 
similar  to  or  unlike  each  other.  Hit  is  shown  that  the  primarj- cell  con- 
stituents diSvT  for  each  glandular  organ  untl  tissue,  that  each  fTimp 
of  individualized  cells  has  a  protoplasm  characterized  by  some  specific 
feature,  then  we  shall  have  reason  to  believe  that  the  anabolic  pro- 
cesses  are  as  much,  if  not  more,  responsible  for  individuality  of  func- 
tion than  the  katabolic  processes.  We  may  conceive  of  all  protoplasm 
bcinjc  built,  so  to  speak,  on  a  certain  general  plan  of  stnicture,  but 
with  side-chains  of  varying  nature,  and  that  these  side-rhaina  deter- 
mine in  a  measure  the  character  of  the  katflbolic  or  alteration  pro- 
ducts that  result  from  the  natural  activity  of  the  cell  protoplasm. .  In 
other  words,  if  this  conception  be  true,  it  is  the  chemical  constitution 
of  the  cell  protoplasm  that  is  primarily  responsible  for  the  character 
of  the  changes  that  take  place  in  all  active  tissues  and  organs.  The 
extent  of  oxygenation  as  influenced  by  the  circulating  blood,  the 
direct  and  indirect  influence  of  various  nerve  fibres,  etc.,  may  all  act 
as  modifying  agents,  but  only  to  the  degree  of  accelerating  or  inhibit- 
ing the  rhythmical  process  which  travels  along  a  certain  definite  chan- 
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nel  !>ecau8e  of  the  peculiar  chemical  nature  of  the  cell  protoplasm. 
Once  etarted,  the  process  of  kaiabolism  lakes  a  definite  course,  with 
formation  invariably  of  th<^  s&me  products,  because  that  particular 
cell  protoplasm,  owing  to  its  peculiar  make-up,  tends  to  break  dowu 
along  certain  deSnitc  lines  of  cleavage,  as  it  were,  and  so  the  products 
split  off  are  alwayn  tho  samt-. 

We  already  have  considerable  knowledge  which  tends  to  indicate 
that  the  cells  of  individual  organs  and  tissues  have  a  certain  individ- 
uality as  regards  their  priinar>'  components,  notably  in  the  nucleo- 
proteids  present,  but  our  knowledge  is  by  no  means  complet-e  enough 
to  permit  of  broad  generalization.  The  problem  is  an  interesting  one, 
and  permits  of  a  definite  answer  by  the  application  of  thorough  and 
perastent  investigation. 

As  an  allied  question,  more  or  less  in  harmony  with  what  has  just 
been  said,  reference  may  be  made  to  the  part  which  ferments  and 
enzymes  possibly  play  in  initiating  and  carrying  forward  tissue 
changes,  as  well  as  the  metabolic  changes  that  occur  in  glandular 
organs.  Ferments  have  come  into  such  prominence  of  late  years  as 
responsible  agents  for  so  many  transformations  that  we  may  well 
query  whether  their  influence  does  not  e.xtend  far  beyond  the  liuuts 
originally  assigned  to  their  field  of  activity.  The  discovery  of  oxidases 
aod  the  part  which  these  agents  may  play  in  tissue  changes,  the  un- 
doubted existence  of  ferments  in  such  glands  as  the  thymus,  supra- 
rsnal,  spleen,  etc.,  by  which  the  recently  studied  autolytic  changes  in 
these  glands  are  produced,  raJse  the  question  whether  ferments  or 
enzymes  are  not  far  more  largely  responsible  for  the  many  trans- 
formations that  take  place  in  active  tissues  than  hus  l>een  hitherto 
supposed.  Tonsider  for  a  moment  the  peculiar  jiroducta  which  result 
from  the  self-digestion  (autolyMis)  of  many  of  the  glands  so  far 
studied.  Note  how  the  nuclco-protcid  of  the  thymus,  for  example, 
breaks  down, yielding  xanthin  and  a  little  hypoxanthin,  together  with 
uracil,  but  no  guanin,  adenin,  or  Ihymin.'  How  the  adrenal  nucleo- 
proteid  likewise  yields  by  autolysis  considerable  xanthin,  but  only 
traces  at  the  most  of  the  other  alloxuric  bases  (Jones).  By  the  self- 
digestion  of  the  spleen,  guanin  aa  well  as  hypoxauthin  is  conspicuous, 
but  it  is  a  noticeable  fact  that  in  the  autolysis  of  the  thymus,  for  ex- 
ample, there  is  no  appreciable  amount  of  leucin  to  be  detected,  thus 
indicating  that  the  above  autolytic  changes  are  not  due  to  any  or- 
dinary proteoljtic  enzyme,  but  to  some  peculiar  enzyme  which  acts 
directly  and  solely  upon  the  nucleo-proteids,  splitting  off  certain  of  the 
contained  alloxuric  groups.  In  harmony  with  this  view,  Jnnea  has  just 
AQDounc^d  the  presence  in  the  pancreas,  thymus,  and  adroQaIa,of  an 
enzyme  to  which  he  gives  the  name  of  guanase,  which  has  the  power  of 

'  JotHV,  UAir  dif  SfWttivrrbmtinff  vim  SueUoproUidtn.  ZeiUxhrifl  jitr  phffnol^ 
fp9du  CbemU,  Band  42,  p.  aS. 
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transformiag  Ruanin  into  xontbui.  The  same  investigator  also  claims 
the  presence  in  the  spleen  of  a  re]nt«d  enzyme,  called  odcnnse,  which 
transforms  ndenin  into  hypoxMithin.  The  inference  is  that  in  many 
glands  and  tissues  there  are  specific  enzymes,  as  yet  undiscovered, 
which  may  be  responsible  for  at  least  some  of  the  transformations 
known  to  occur  there. 

That  autolysis  may  be  a  posuble  explanation  of  the  process  of  anl- 
mM  metabolism  has  been  suggested  by  Levenc  *  and  also  by  Wells.' 
It  has  been  clearly  indicated  by  such  nblo  workers  as  SalkowBki,  Jn- 
ooby,  and  others,  that  practically  all  animal  cells  contain  within  them- 
selves ferments  or  eoxymes  that  are  capable,  under  suitable  conditioiu, 
of  digesting  or  breaking  down  the  celKcontents  by  a  process  similar  to 
ordinary  proteolysis,  and  it  may  perhaps  be  assumed  that  all  active 
cells  carry  forward  their  ordinary  metftbolic  processes  by  the  agency 
of  those  intracellular  ferments.  Moreover,  it  is  not  inconceivable 
that  ferments  or  enzymes  of  several  kinds  may  exist  side  by  side  in 
a  given  group  of  cells,  just  as  they  are  known  to  exist  in  the  pancreas, 
by  which  we  might  infer  the  possibility  of  a  series  of  transformations 
taking  place  at  essentially  the  same  time,  through  the  harmonious 
action  of  a  row  of  enzymes  physiologically  q\ute  distinct. 

Further,  the  recently  discovered  reverwble  action  of  enzymes,  on 
which  we  have  at  command  so  much  valuable  work,  suggests  the  pos- 
sibility of  a  maintenance  of  cell-equilibrium  through  this  peculiarity 
of  action,  thus  affording  a  tangible  explaualion  of  the  means  by  which 
intracellular  nitrogenous  or  prutcld  equilibrium  is  maintained,  the 
various  cells  of  the  body  building  up  or  breaking  down  the  proteid 
matter  of  their  own  tissues  as  circumstances  require.  If  these  ideaS' 
are  true,  then  our  conception  of  ferment  action  must  be  considerably 
broadened,  and  we  have  before  uh  the  posKibillty  of  explaining  many 
of  the  phenomena  of  tissue  metabolism  by  the  action  and  interaction 
of  intracellular  enjiymes.  This  is  a  problem  well  worthy  of  broader 
study,  with  a  view  to  the  elucidation  of  the  general  laws  that  govern 
tissue  changes  in  genera].  In  this  connection  wo  also  have  suggested 
the  possibility  of  interaction  of  another  kind,  viz.,  that  interdepend- 
ence  of  one  tissue  or  gland  upon  iinather  for  the  full  development  of  its 
functional  activity,  as  illustrated  by  the  part  played  by  the  entero- 
kinase  of  the  int«3tinal  glundx  in  the  development  of  an  active  tryp- 
sin from  the  syuiogen  of  the  pancreatic  cells,  und  by  the  action  of  the 
internal  secretion  of  the  pancreas  upon  the  inert  constituents  of  the 
muscle  to  develop  in  the  latter  an  active  glycolytic  enzyme.  How  far 
this  general  principle  extends  in  the  metabolic  phenomenaof  the  body 
is  entirely  problematical,  but  merits  careful  study.    Here,  then,  we 

'  Die  BndpnduXh  der  SelbgivenHauuns  ticriacher  Organe,  ZnUchrift  fir  ¥!>!/$»• 
to^ch«  C/itntit,  Band  41,  p.  393. 

*  Oh  tin  lUlation  of  Aulclyit  to  PrvUid  .Vttabotvm,  Amer.  Jotmol  oj  Pktfti- 
otegj/,  voL  11,  p.  351. 


iave  an  added  field  of  ioquiry,  worthy  of  careful  coDsideration,  if  we 
ve  to  poaaesB  a  clear  understaoding  of  nature's  processes. 

Between  the  animal  and  the  vegetable  cell  eortain  sharp  lines  of  dis- 
tnction  are  frequently  drawn.  Physiotogiats  are  wont  to  believe  that 
he  processes  characteristio  of  the  cells  of  ani  lual  tissues  and  organs  are 
aaentially  destructive,  i.  e.,  that  they  are  principally  katabolio,  while 
&  vegetable  tissues,  on  the  other  hand,  constructive  processes  are 
•ery  conspicuous.  In  no  way  is  lliis  better  illustrated  than  in  the  pre- 
■alent  opinions  regarding  the  parts  played  by  the  twu  clnaees  uf  cells 
a  the  metaboliam  of  proteid  matter.  We  are  accustomed  to  think 
hat  ail  proteid  matter  has  its  primary  origin  in  the  synthetical  power 
tf  the  vegetable  celt,  aided  by  its  contained  chlorophyll  and  the  bene- 
icent  action  of  the  sun's  rays.  The  animal  cell,  on  the  other  hand,  can 
nerely  tranflforra  and  reconstruct  the  various  pmleidH  furnished  by 
the  vegetable  world,  being  without  power  to  manufacture  proteid 
matter  de  nooo  out  of  the  simple  groups  and  radicles  which  the  vege- 
table cell  utilizes  so  rapidly.  In  ordinary  proteid  kfttabotism,  the 
various  nitrogenous  decomposition-products  are  presumably  all  con- 
verted into  urea  and  allied  substances  adapted  for  excretion.  If,  how- 
ever, there  is  reversible  ferment  or  enzyme  action  in  the  animal  body, 
why  may  there  not  also  be  power  to  utilise,  in  some  measure  at  least, 
the  cr^-stalline  nitrogennua  bases  and  amido-arids  so  abundantly 
formed  in  irj'psin  proteolysis,  for  the  oonstruction  of  fresh  proteid 
matter?  One  may  well  query,  considering  the  vigor  of  the  proteolytic 
action  of  the  enzymes  puurcd  into  the  alimentary  tracts  whether  all 
theee  nitrogenous  waste  products  represent  just  ao  much  lost  energy 
in  their  Qroduction  and  a  further  loss  of  energy  in  their  immediate 
excretion  from  the  body.  In  harmony  with  the  ' '  luxus  consumption" 
theory  we  may  assume  wisdom  and  ultimate  gain  in  this  speedy  de- 
composition of  excessive  prnleid  foods  in  the  alimentary  tract,  but 
the  arfpiment  is  not  very  convincing.  Why  may  not  animal  colls,  or 
the  animal  body  as  a  whole,  build  up  proteid  matter  out  of  simple 
nitrogenous  compounds  analogous  to  the  netion  of  pinnt  cells?  Loew ' 
has  indeed  experimented  in  this  direction  and  8tate.i  that  the  biuret- 
free  end-products  resulting  from  the  proteolysis  of  ordinarj*  food 
albumin  can  be  utilized  by  the  animal  body  for  the  maintenance  of 
nitrogenous  equilibrium,  etc.,  equally  well  with  the  common  proteid 
food-fitulls.  His  conclusions,  however,  have  been  called  in  question 
by  Other  investigators,  notably  by  Lesser,'  whose  experimental  data 
failed  to  confirm  the  above  eonclusion. 

The  problem,  however,  is  an  exeeerlingly  important  one.  If  the 
animal  body  has  no  power  of  utilizing  the  varied  nitrogenous  com- 

'  Vtber  £ttoM«*ynfA/M  im  Thierkirptr,  ^  wAto  Mr  *«mt,  Pharmaicot.  u.  PatM-, 
Baad  48,  p.  303. 

*  VAer  Sloffwefhtthtrtuehe  mil  den  Endpraduktm  pepliseher  utut  trffptUe^r 
Eitfeun«Tdauvng,  ZntecAr.  /Or  Biologit,  Band  46,  p.  497. 
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pounds  of  simple  coostitutioD  formed  in  the  gaetro-iotestmal  tract  bj 
the  digestive  enzymea;  if  there  is  a  complete  lack  of  ability  to  con- 
struct new  proteid  matter  out  of  these  simple  decomposition-pmduct^ 
then  surely  we  must  inquire  wliat  is  tlie  real  purpose  of  their  forma- 
tion. Il  is  true  that,  with  the  limitations  of  our  present  knowledge,  it 
isdifHcult  toBee  why,  if  digestive  proteoly^s  has  for  its  sole  object  (he 
oonveraon  of  the  proteid  foods  into  forms  suitable  for  absorption, 
there  should  be  any  considerable  breaking-down  of  proteid  beyond 
the  proteose  or  peptone  stage,  since  the  latter  bodies  would  seem  to 
be  most  eaeily  adaptable  for  transformation  into  the  proteids  of  blood 
lymph  and  tissue.  Ou  the  other  hand,  it  ia  well  known  thai  the  pro- 
teid of  the  food  is  possessed  of  a  phygiological  and  chemical  nature 
quite  different  from  that  of  the  proteid  in  the  blood  nnd  tissues  of  the 
feeding  animal,  and  it  \s  quite  conceivable  that  a  aynthetjcal  proceas 
might  be  essential  —  in  some  degree  —  for  the  manufacture  of  tho 
specific  proteidB  called  for  by  the  blood  and  tissues  of  that  particular 
speties  or  indjj'idual.  The  question  is  one  that  demands  careful  con- 
sideration and  thorough  investigation,  for  it  touches  upon  a  chapter 
in  nutrition  on  which  we  have  at  present  very  little  satisfactar^'  or 
convincing  knowledge. 

In  this  connection  we  may  call  attention  to  another  problem,  some- 
what far-reacUing,  but  suggested  by  one  of  the  preceding  paragraphs, 
viz.,  the  possible  phyaological  action  of  the  many  katabolites,  or 
detn  in  position-products  resulting  from  tisKue-changes  throughout  the 
animal  body.  In  vegetable  tissues,  many  of  the  nitrogenous  pnxlucta 
common  to  these  structures  are  endowed  with  marked  physiological 
power,  as  witness  the  vegetable  alkaloids  and  the  non-niVogenou« 
bodies  like  salicin,  digitalin,  picrnt-oxin,  etc.  Yearjt  ago,  physiologists 
recognized  that  some  of  LheBe  nitrogenou.1  bndiea  present  in  animal 
tiaaueK  did  have  a  distinctly  toxic  action  when  introduced  directly 
into  the  circulation,  and  hence  they  were  frequently  called  animal 
alkaloids,  but  our  knowledge  upon  those  points  ia  exceedingly  olwcure 
and  indeiinite.  When  we  take  into  consideration  the  large  number  of 
nitrogenous  products  formed  and  present  in  the  various  tissues  and 
organs  of  the  body,  products  of  proteolyRis  and  of  tisRuc-ehanges; 
when  we  consider  how  these  product!^  circulate  through  the  orguiisni, 
in  blood  and  lymph;  how  they  come  in  more  or  less  immediate  con- 
tact with  the  different  cells  of  the  body  prior  to  their  decomposition 
or  elimination,  wu  cannot  avoid  being  impresacfl  with  the  part  they 
may  play  in  stimulating  and  modifying  tissue  or  other  changes. 

The  signifirance  of  thi.'i  suggestion  is  made  all  the  more  potent  by 
the  knowledge  recejitly  acquired  concerning  sc%*eral  of  the  internal 
secretions  of  the  body  and  the  powerful  physiological  influence  ex- 
erted by  their  components.  Where  can  be  found  a  more  active  phy- 
siological agent  than  the  bluod-pressure-raising  constitiient  of  the 
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idresala,  theepiQephrio?  Where  is  th&rc  a  more  active  agent  in  mod- 
ifying the  nutritionul  processes  of  the  body  than  the  iodine-containing 
constituent  of  the  thyroid,  the  iodothyrin?  These  may  truly  be 
counted  as  representing  a  type  of  substances  muiiufactured  or  se- 
creted primarily  for  the  phyaolo^cal  effect  they  are  capable  of  exert- 
ing ;  but  what  about  the  host  of  other  aubetances  preseat  iu  tLe  body, 
many  of  them  aiuipto  producta  of  katabotiaiu?  May  they  uut  have 
some  majked  physiological  property  that  if  known  would  sen-e  aa  a 
sufficient  excuse  for  their  formation?  Or,  may  they  not  posRess  some 
hidden  or  obscure  property  which  if  once  underatond  would  malce 
clear  a  secondary  or  subsidiary  function  of  no  Btnall  import  for  the 
maintenance  of  phy^ologicul  equilibrium,  or  for  the  welfare  of  the 
body?  Many  suggostions  and  some  facts  present  tlieniaelves  illustrat- 
ing how  direct  and  indirect  influences  may  be  exerted,  all  pointing 
toward  the  faannonious  action  and  interdependence  in  function  of 
many  of  the  substances  formed  in  the  body.  Some,  however,  un- 
doubtedly have  more  or  less  of  a  toxic  action,  especially  when  formed 
in  excessive  or  undue  amouDts.  Thus,  the  alloxuriv  bases  seemingly 
cause  fever  when  injected  into  the  circulation  or  taken  -per  as,'  and 
according  to  the  recent  observations  of  Mandel '  there  h  a  very 
striking  rclntionabip  between  the  quantity  of  ftlloiuric  bases  elimin- 
ated in  the  urine  and  the  tempernture  of  the  body  in  cases  of  aseptic 
fevers,  indicating  that  these  substances,  with  possibly  other  incom- 
plete products  of  tissue-metabolism:,  are  important  factors  in  the  pro- 
duction of  febrile  temperature.  We  may  confidently  expect  that  a 
thoroiigh  study  of  the  phyeiological  action  of  all  the  vuried  katabolic 
products  formed  in  the  body  will  result  in  a  decided  expansion  of  our 
knowledge  regarding  the  part  these  substances  may  play  in  nonnal 
and  Abnormal  metubolism,  and  in  uutritiou  in  general. 

Just  here,  reference  may  be  made  to  the  many  problems  in  the 
broad  field  of  outntion  that  confront  the  physiological  chemist  of  the 
present  day.  The  maintenance  of  life  on  a  sound  physinkigical  ba^is  is 
one  of  the  practical  problems  in  physiological  chemistry,  and  its  solu- 
tion is  not  yet  attained.  We  need  fuller  knowledge  regarding  the  part 
played  by  the  different  nitroyeuouB  foud-stuffs,  the  relative  physio- 
logical value  of  animal  and  vegetable  proteid,  the  relative  value  of 
fate  and  carbohydrates  ns  nutrients  aside  from  their  different  calorific 
power,  and,  by  no  means  least,  a  fuller  and  more  accurate  knowledge  of 
tbe  true  physiological  needs  of  the  body  for  proteid  foods.  Our  pre- 
sent dietetic  standards  are  absolutely  false  and  valueless.  Our  present 
coDceptionof  tbe  physiolugioal  needs  of  tbe  body  id  altogether  faulty 
and  distorted.   Our  ideas  uf  the  rate  and  extent  of  proteid  metabol- 

'  S(«  Ruriiu)  And  Schur,  A  rc^'r  /ur  <ii*  gctmtttjnte  J'hynohgit,  Rniid  87,  p.  239. 
■  Tht  AUoxuric  flow*  in  AKptie  Fwerj,  Atiter.  Journal  ol  Pkytioliimi,  vol,  10, 
p.  452, 
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ism  necessary  for  the  maintenance  of  health  and  strength  ore  crude 
and  inexart.  We  place  the  nitrogen  requirement  of  the  healthy  man 
at  aD  absurdly  high  level,  apparently  becau.se  ob.-iervation  has  shown 
that  man  is  disposed  to  consume  an  equivalent  in  proteid  food  per 
day.  Wc  need  to  ascertain  by  scientiBcexpcriment  how  far  such  stand- 
ards are  justified;  to  determine  by  definite  analysis  the  amount*  of 
nitrogen  actually  required  to  maintain  nitrogen  equilibrium  end  keep 
up  bodily  and  mental  vigor.  Upon  the  physiological  chemist  of  the 
present  day  rests  the  responsibility  for  the  establishment  of  nutritive 
standards  that  will  endure  the  test  of  scientific  critlciam,  tbat  will 
harmoaize  with  daily  experience,  and  that  will  prove  to  be  phyaio- 
logically  correct. 

Further,  we  need  to  know  more  concerning  the  rdative  decomposi- 
tJDQ  within  the  body  of  the  truly  organized  proteid  matter  of  the  tig- 
sucSf  and  of  the  albuminous  food-«tuffs  which,  having  been  digested 
and  absorbed,  are  in  a  sense  a  part  of  the  tissues,  but  not  thoroughly 
or  completely  incorporated  as  an  integral  part  of  the  living  cells.  Does 
the  urea  of  the  daily  excretion  come  primarily  from  the  breaking- 
down  of  the  organized  proteid,  or  doea  it  come  preferably  from  the 
disintegration  of  the  circulating  proteid?  We  recall  the  famous 
experiments  of  SchondorfT,  in  which  blood  was  made  to  circulate 
through  the  muscles  and  liver  of  well-nourished  and  fasting  dogs, 
with  the  result  that  the  urea  of  the  blood  was  iacreaaed  only  when 
the  blood  circulated  through  the  tissues  of  a  well -nourished  animal. 
It  made  no  diETeience  with  the  result  whether  the  blood  employed 
was  from  a  well-fed  or  a  fasting  animal ;  the  essential  factor  was  the 
condition  of  the  muscle  tissue  through  which  the  blood  was  made  to 
flow.  Schundorff  drew  the  natural  conclusion  that  the  extent  of  pro- 
teid metabolism  was  dependent  upon  Che  nutritive  condition  of  the 
cdls  of  the  tissue,  upon  the  mass  of  the  living  cell-mo tcrial,  t.  e.,  upon 
the  amount  of  morphotic  proteid  present,  and  that  the  proteid  con- 
tent of  the  intermediary  Huids,  as  blood  or  lymph,  was  of  no  momest 
In  determining  the  rate  of  urea  formation. 

We  may  well  doubt,  hciwevt^r,  if  all  the  urea  formed  daily  under 
ordinary  ctmditiuns  of  life  come-s  solely  from  the  breaking-down  nf  the 
truly  organized  or  morphotic  proteid.  It  is  more  than  probable  that 
the  urea  haa  at  Uroat  a  twofold  origin,  lUid,  if  so,  it  is  an  important 
matter  to  be  able  to  discriminate  Iwtwccn  that  which  comes  from  the 
breaking-down  of  the  unorganized  albumen,  and  that  which  is  derived 
from  thp  organized  tissues.  Unquestionably,  the  deeomposition  of 
organized  proteid,  the  morphotic  part  of  the  living  protoplasm,  is 
quite  difTrrcnt  from  that  of  the  unorganised  pabulum  of  the  cell  and 
surrouuding  inrdiu.  tJuiU-  piissibly,  the  influcncps  controlling  the  two 
linos  of  mvtabutism  arc  different;  perhaps,  thi-rc  ore  even  different 
kinds  of  ncr^*e  control. 
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Equally  important  is  it  for  the  physiologist  to  know  more  fully 
regarding  the  sourrce  of  the  carbonic  acid  resulting  from  oxidation  in 
the  body.  What  proportion  of  the  ever-var}'ing  output  of  this  gaseous 
product  of  metabolism  comes  from  the  oxidation  of  organised  tissue- 
material,  and  what  from  the  oxidation  of  circulating  carbohydraU!  and 
fat  and  unor^aiiizcd  niat«rial  in  general?  Wc  have  learned,  for  ex- 
amplu,  that  tlic  excretion  of  carbonic  acid  runs  more  or  \vsa  nloseiy 
parallel  with  the  degree  of  muscular  activity ,  and  wc  should  poesces  the 
means  of  discriminating  between  the  output  from  true  tissuo-oxida- 
tion  and  that  which  is  derived  from  extracellular  sourcea.  A  study  of 
the  excretion  of  carbonic  acid  by  fasting  individuals,  under  different 
conditions  of  life  and  activity,  would  be  helpful  in  throwing  light  upon 
this  qucotJon,  and  also  in  p:iving  ua  u  clearer  idea  of  the  minimal  re- 
quirements of  the  body  for  non-nitrogenous  foods  to  make  good  the 
loss  of  cncrg}'  in  hcat^libcration,  muscular  work,  etc.  By  such  a  study 
wc  might  hope  for  added  light  upon  that  much-diseussod  problem,  the 
source  of  the  energy  of  muscular  contraction.  While  most  phy^ologists 
•re  certainly  agreed  that  this  energy  comes  preferably  from  the  oxida- 
tion of  non-nitrogenous  matter,  there  remain  many  obscure  points 
upon  which  wc  need  enlightenment. 

Wo  likewise  need  fuller  and  more  eitct  knowledge  of  the  ways  in 
which  uric  acid  originates  in  the  Iwdy,  especially  regarding  its  rela- 
tionship to  intracellular  dceompoaition.  Our  present  undcrstandiDg 
of  the  twofold  origin  of  this  substance  —  endogenous  and  exogenous 
—  is  most  helpful  in  making  clear  many  formerly  obscure  points  con- 
ttccted  with  the  formation  of  this  substance  from  the  different  cloeacs 
of  food-stuffs.  To-day,  however,  we  undeistand  quite  clearly  the  gene- 
tic relationship  between  the  free  and  combined  purin  bases  and  uric 
acid,  but  we  are  still  uncertain  whether  this  substance  is  formed  to 
lome  extent  synthetically  and  whether  when  once  forme<l  it  is  all  elim- 
inated unehaiiged  or  undergoes  oxidation,  in  part,  into  less  harmful 
BubHtanccs.  In  other  words,  we  do  not  yet  know  how  far  the  uric  acid 
which  is  contained  in  the  daily  uriae  is  a  measure  of  the  production  of 
uric  acid  for  the  twenty-four  hours.  Uric  acid  and  the  alloxuric  bases 
are  such  important  aubstanceg,  in  their  infiuence  upon  health  and  tho 
general  nutritive  condition  of  the  body,  that  it  is  extremely  important 
for  us  to  know  more  concerning  their  origin  and  their  ultimate  fate 
intheliody.  We  may  likewise  inquire  where  uric  acid  is  formed.  Does 
it  originate  entirely  in  the  liver,  or  arc  there  other  depots  where  it  is 
produced  and  collected? 

Turning  onr  attention  now  in  another  direction,  we  may  revert  to 
tho  relationship  between  stercoohemieal  configuration  and  physiolog- 
ical action  aa  a  fruitful  sTihject  for  investigation.  Many  interesting 
facta  have  alreody  been  gleaned,  and  certain  general  rules  or  laws 
have  been  formulated,  connecting  given  lines  of  ph>'siological  action 
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with  &  definite  chemical  structure.  Thus,  it  is  well  understood  to-day, 
for  example,  that  all  substauces  which  contain  a  nitro  or  nitroao 
group  united  with  or  bound  to  oxygen  have  the  effect  of  dilating 
blood-vessels,  while,  on  the  other  hand,  substances  which  contain  the 
B«me  nitro  or  nitrow  group  joined  to  carbon  have  a  quite  different 
physiological  action,  being  moHtly  lilood-poiRons.  Further,  nitrils, 
R.  CN,  tend  to  produce  coma,  wliile  isonitrils,  H.  N*>C,  are  much 
more  toxic  and  tend  to  produce  paralysis  of  the  rcspirator\-  centre,' 
In  other  words,  it  is  clearly  manifest  that  certain  definite  group- 
injE^  within  the  molecule  are  the  cause  of  the  phyaological  actioD  of 
the  molecule.  At  the  same  time,  it  is  also  known  that  in  order  to 
have  the  physiological  action  of  a  substance  manifest,  not  only  must 
it  contain  the  necessary  group  or  groupings,  but  there  must  likewiae 
be  present  a  second  group  which  has  the  power  of  combining  with 
and  holding  fast  to  the  tissue  upon  which  the  phyan logical  action 
manifests  itself.  Slight  chemical  alteruiion  of  a  substance  may,  there* 
fore,  interfere  with  or  nullify  its  ordinary  phy8ioloj;;ical  action  without 
necessarily  altering  the  physinlogicnlly  active  groups;  but  by  amply 
changing  these  other  groups  through  which  the  molecule  ordinarily 
attaches  itself,  so  that  the  latter  can  no  longer  adhere  to  thecell- 
gubatance  or  tissue-protoplasm,  there  occurs  a  consequent  loss  of 
physiolo^cal  action. 

Another  fact  clearly  understood  is  that  two  substances  having 
the  same  nucleus  and  tike  side^haixis,  with  an  entirely  similar  group- 
ing, may  still  be  physiologically  unlike,  owing  to  a  different  arrange- 
ment in  space.  This  is  well  illustratud  by  the  dextru-  and  lievo-rotary 
tartaric  acids,  one  of  which  h  readily  utilized  by  PenicHliutn  glauatm 
as  nutriment,  while  the  other  cannot  be  so  consumed.  Many  other 
illustrations  might  be  cited,  especially  with  various  types  of  organic 
poisons,  all  tending  to  show  that  physiological  action  is  dependent 
upon  the  arrangement  of  the  atoms  or  radicles  in  space,  as  wdl  as 
upon  the  nature  of  the  atoms  or  radicle-s.  With  these  facts  before  ua, 
we  see  many  lines  of  inquiry  presenting  themselves,  many  problems 
demanding  solution,  with  reference  both  to  pharmacology  and  physio- 
logy. 

Confining  our  attention  more  especially  to  phyaological  matters,  we 
are  certainly  justified  in  considering  the  application  of  these  principles 
to  many  of  the  substances  conspicuoui*  in  the  processes  of  the  body. 
The  work  and  suggestions  nf  Pasteur  ami  Emil  Fischer  have  indicated 
certain  possibilities  regarding  the  nature  and  action  of  enzymes,  not 
to  be  overlooked.  Stereochemical  configuration  may  be  just  as  much 
responsible  for  enzyme  action,  for  proteolysis,  amylolysis,  et«,,  as  any 
other  feature  of  the  active  moIecuJe,and  how  far  other  linesof  physio- 
logical action  may  be  due  to  chemical  structure  and  the  configuration 
'  Sc«  Fi&uJlcI  Srytbniau  der  Phjftwlogie,  Drititr  Jahrfang.  Biecbtmie,  p.  SSI. 


PROBLEMS 


347 


of  the  molecule,  who  can  say?  One's  thouglits  naturatly  turn  to  the 
living  muscle  plusma  and  the  chemical  chaoKes  timt  follow  or  uccom- 
pany  the  advent  of  rigor  mortis;  to  the  circuluting  blood  tuid  lymph, 
and  the  tr&nafonnatious  that  occur  when  these  fluids  arc  withdran-n 
from  the  protecting  influence  of  the  endothelial  lining  of  the  linng 
^•essels;  to  the  axis  cylinder  of  the  ner\'e-fibreB  and  the  changes  that 
occur  when  the  fihrea  ure  severed  from  their  conneotioti  with  the 
ganglionic  cellit.  These  and  many  other  suggestions  arise,  all  calling 
for  a  further  Btudy  of  the  chemical  conetitulion  and  stereochemical 
configuration  of  the  molecules  Involved,  aincc  in  the  knowledge  thus 
gained  may  be  found  the  solution  of  many  physiological  processes 
now  shrouded  in  mystery. 

The  reference  just  made  to  nerve-fihres  and  ganglionic  cells  sug- 
gests another  problem  in  physiologiral  chemistry,  solution  of  which 
has  long  been  deferred,  viz.,  the  exact  chemical  nature  of  nerve-tissue, 
and  the  character  of  the  changeB  involved  in  the  passage  of  a  stimulus 
or  nervous  impulse  through  a  nerve  to  its  ending  in  the  muscle  or 
eecrettng  cell.     Further,  what  is  the  real  purpose  of  the  complex 
myelin  surrounding  the  axis  cylinder  of  medullatcd  nerves,  and  the 
corresponding  substance  imbedded  in  the  gray  matter  of  the  brain 
and  cord?   These  are  problems  that  have  long  waited  solution,  and 
yel  they  are  vital  to  any  clear  understanding  of  the  nutritive  or  other 
ckanees  that  take  place  in  nerve-tissue,  either  in  rest  or  in  activity. 
Nerve-tissue  is  strikingly  peculiar  in  its  large  content  of  phosphorized 
bodies  of  the  lecithin  type,  cerebnisideB  and  cholesterins.  These  eub- 
rtanees,  complex  in  nature  and  of  large  molecular  structure,  are  all 
alike  in  having  the  physical  propeniea  of  fata.    Further,  lecithin  and 
the  cerebrosides  all  contain  fatty  acid  radicles  in  large  amount,  and 
in  addition  lecithin  contains  the  radicle  of  glyeero- phosphoric  acid. 
Moreover,  the  cerebrosides  contain  a  carbohydrate  group  yielding 
galaetoae  on  decomposition,  so  it  iii  plain  to  see  that  the  bodies  which 
give  character  to  the  myelin  material  are  highly  nutritive  substances 
with  high  calurifie  power.  These  facts  might  readily  be  taken  as  indi- 
cating that  the  function  of  the  myelin  is  to  nourish  the  more  import- 
ant axis  cylinder,  to  fumiHh  the  necessary  pabulum  for  growth  and 
repair  as  well  as  to  meet  the  daily  demand  for  energy-yielding  material. 
While  we  may  speculate,  however,  as  to  the  part  these  peculiar 
substances  play  in  the  life  of  nerve-tiseue,  we  realty  posse-ss  very  little 
positive  knowledge  of  their  true  purpose.    Indeed,  we  do  not  know 
how  these  bodies  actually  exit>t  in  the  living  tis.sue,  as  is  well  evidenced 
by  the  utter  lack  of  agreement  among  physiological  chemists  as  to 
the  entity  of  the  so-called  protagon.  Whether  this  phosphorized  sub- 
Stance,  studied  by  so  many  investifcat^ra,  exists  as  KUch  tn  the  Uviiig 
tissue.orwhether  it  is  aimpiy  an  intimate  mixture  of  lecithin, ccrebrin, 
and  one  or  more  other  substances,  is  not  yet  settled  to  the  satisfac- 
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tion  of  all  concerned.  Further,  it  is  not  at  all  impossible  that  the  ceie* 
brotiidea,  as  well  as  lecithin  and  possibly  ebolcBtorin,  may  <>xi8t  in  the 
living  tiasuu  eombined  with  some  one  or  more  of  Ihc  protrads  present 
there.  Our  lack  of  knowledge  is  deplorable,  and  yet,  in  the  words  of 
Sir  Michael  Foster,  this  is  one  of  the  "  master  tassuca"  of  the  body. 
Surely,  oonsidering  the  preeminent  portion  and  controlling  influence 
of  this  tissue,  we  may  look  for  a  speedy  clearing  away  of  the  darknea 
that  enshrouds  our  understanding  of  the  exact  chemical  eomposition 
of  nerve-tissue,  and  e8p<>eial)y  of  the  way  these  peculiar  substances 
of  the  myelin  nislerial  exixt  in  the  living  tissue. 

Again,  we  may  ask  ourselves  what  is  the  nature  of  the  chemical 
changes  that  take  place  in  ner^'e-tissuc;  in  the  ganglionic  cells  of  the 
gray  matter  and  in  the  axis  cylinder  of  the  nerre-fibrea.  When  a 
muscle  contracts*  there  is  a  meaHurable  chemical  decomposition.  The 
energy  of  muscular  contraction  comes  from  the  hreaking-dotni  of 
noo-nitn>genouH  components  of  the  muscle,  and  perhaps  in  some 
measure  from  the  decomposition  of  nitrogimous  constituents.  Fur- 
ther, there  is  a  liberation  of  heat,  a  development  of  lactic  ooids,  eUs. 
Wlien  a  stimulus  is  applied  to  a  nerve,  on  the  other  hand,  no  auch 
manifestations  of  chemical  action  are  apparent.  The  muscle  to  which 
the  nerve  is  attached  oontrscts,  the  secreting  cell  pours  forth  the 
pnithict  of  its  activity,  etc.,  but  there  is  no  noticeable  change  in  tha 
nerve  itself,  no  rceognizable  libi^rtttion  of  heat,  no  change  of  reaction, 
no  output  of  cnrlionic  acid,  that  can  Ix^  detected.  Arc  we  to  conclude, 
then,  that  the  axis  cyliuder  of  the  ncrvc-fibrc  acts  simply  a*  a  con- 
ducting agent  without  itself  undergoing  any  change?  Is  it  to  be  com- 
pared to  an  eleetrio  wire,  with  the  surrounding  myelin  material,  the 
Bubdtance  of  S<'hwan,  serving  as  a  convenient  insulating  or  protective 
medium?  If  we  are  to  accept  this  \'tew,  what  are  we  to  say  regarding 
the  non-mod  ulhited  fibrrs?  Do  not  they  need  an  insulating  material 
likewisft?  We  can  argue  that  the  myelin  sulistanco  is  especially 
adapted  for  the  nourishment  of  the  ncn-e,  that  its  high  potential 
value  renders  it  peculiarly  suitable  as  a  concentrated  nutriment,  and 
that  its  intimate  contact  with  the  neuraxis  and  with  the  ganglionic 
cells  of  gray  matter  proclaims  its  probable  use  in  this  direction. 
Moreover,  if  wc  follow  this  line  of  argument  still  further,  we  may  be 
led  to  believe  that  the  stimulation  of  a  nerve,  its  power  of  conductiv- 
ity, etc.,  are  associated  with  chemical  decompositions  along  its  axis 
as  marked  in  their  way  as  those  that  occur  in  a  contracting  musole- 
fibre.  Tnily,  we  have  here  a  multitude  of  questions,  for  which  al 
present  no  satisfactory  answers  are  to  be  found.  The  problema  an 
on  the  surface  awaiting  solution. 

Finally,  emphasis  must  hR  laid  upon  a  series  of  problems  in  phyao- 
logical  chemistrj-.  true  solution  of  which  will  do  much  to  explain 
natural  and  artificial  immunity,  the  action  of  toxins  and  antitoxins, 
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tie  bactericidal  action  of  blood-sera,  the  effect  of  oxidizing  cnKymee, 
of  animal  and  vegetable  origin,  upon  toxins  of  various  kinds,  etc. 
Ehrtich's  theories  reguniing  the  protection  furnished  by  antitoxic 
and  bactericidal  oera,  yo  elaborately  dcviacd,  constitute  a  working 
hypothesis  of  grvjit  value,  but  wc  need  much  additional  knowledge 
conccnijng  the  nature  and  action  of  the  so-called  complements  and 
aDticomplemcnts,  of  amboceptore,  of  liaptophor  groups,  of  agglu- 
tinins, of  precipitins,  and  of  hemolysis.  The  physiological  chemist 
studipji  with  care  the  important  and  suggestive  work  being  carried 
forward  by  the  many  brilliant  investigators  In  pathology  and  bacteri- 
ology, with  the  feeling;,  however,  that  the  true  explanations  for  moBt 
of  the  phenomena  in  question  arc  chemical,  and  that  the  actions  and 
interactions  involved  arc  chemical  ones,  to  bo  eventually  made  clear 
by  a  fuller  chemical  knowledge  of  the  toxic  and  antitoxic  substances 
ihemsclves  and  of  their  alteration  and  combination  under  different 
physiological  conditions. 

The  welt-known  natural  immunity  possessed  by  some  animals 
toward  certain  diseases,  together  with  the  difficulty  experienced  by 
most  micro-organifims  indeveloping  in  the  healthy  body,— a  difficulty 
which  at  once  disappears  when  from  any  cause  the  tissues  of  the  body 
loee  their  original  vitality  and  vigor.  —  all  point  to  the  presence  in  the 
healthy  body  of  certain  general  or  Bpecific  aubetances  which  are  directly 
deleterious  to  the  micro-organiflma.  Such  aubstoncea  are  obviously 
bactericidal,  and  it  ia  equally  plain  that  in  the  bodies  of  many  species 
of  animals  there  are  specific  an  tisubstanecs  present  which  are  lacking  in 
other  species,  thereby  explaining  the  natural  immunity  of  the  former 
towards  certain  diseasrB.  As  ia  well  known.  blnwI-Benim  ponLWsses,  aa 
■  rule,  a  bactericidal  power  upon  moHt  micro-organisms,  and  we  bava 
every  reason  to  believe  in  the  existence  of  specifie  substances  in  the 
scrum  which  exert  some  influence  upon  tlic  growth  and  development 
of  micro-organisms,  and  also  upon  the  toxic  products  they  tend  to 
elaborate.  These  protective  substances  —  the  alexins  of  Buchner  — 
appear  to  be  proteid  in  nature,  resembling  globulins,  since  they  are 
precipitated  from  senim  by  the  action  «f  certain  stning  solutions  of 
alkali  salts,  aa  t«odium  sulphate.  We  know,  however,  very  little  re- 
garding their  chemical  nature  aside  from  the  fact  that,  tlicy  are  ob* 
viftusly  very  complex,  althouKh  jKThaps  even  this  point  is  not  quite 
eertain.  These  protective  substances  are  presumably  elaborated  by 
the  leucocytes  of  the  blond  and  l>-mph,  cells  rich  in  nuclcin  and  nucleo- 
proteid  material.  Doubtless,  also,  some  of  the  gland-cells  in  the  body 
have  a  corresponding  action;  statements  which,  if  true,  tend  to 
emphasize  the  p()s.sil>]e  proteid  natuie  of  the  protective  substances. 

While  in  a  general  way  wc  may  say  that  the  natural  immunity  to 
certain  bacteria  possessed  by  some  animals  is  due  in  large  measure  to 
an  inhibition  of  the  growth  of  the  micro-organism,  it  must  also  be 
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remembered  tJiat  there  ie  in  many  species  a  distinct  immunity  to  the 
action  of  the  poison  which  the  sperific  niicro-organi»m  produces.  Thin 
immunity  liepends  either  upon  a  destruction  of  the  poison  as  by  oxida- 
tion, upon  a  combination  between  the  poison  and  eome  constituents 
of  the  active  protoplasmic  cells  of  the  body,  thcrcbj'  rendering  the 
poison  inactive,  or,  Instly,  upon  some  action  of  the  specific  proto- 
pluamic  celts  of  the  body  usually  affected  by  the  poison,  by  which  the 
latter  is  unable  to  combine  with  the  cells  upon  which  it  ordinarily 
acts.  Alt  theee  suggestions,  however,  imply  chemical  reactions  of 
some  kind,  and  obviously  should  be  understood  for  a  betterment  of 
our  knowledge  upon  this  important  matter. 

Again,  the  specific  immunity  which  shows  itself  after  exposure  to  a 
given  digease,  so  that  n  second  infection  becomes  practically  impossi- 
ble, can  be  explained  satisfactorily  only  on  chemicul  grounds,  viz.,  by 
the  presence  in  the  blood  and  lymph  of  certain  protective  or  immuniz- 
ing substances  which  presumably  originate  through  chemical  changes 
in  the  blood-aerum,  under  the  inQuence  of  the  bacteria  causing  the 
disease.  These  are  chemical  substances,  formed  through  chemical 
decompositions  or  alterations  of  normal  constituents  of  the  blood, 
and  obviously  we  need  to  know  more  of  their  exact  nature. 

Following  Ehrlich's  views,speci£c  antitoxins,  bactericidal  aera,  etc., 
result  from  the  overproduction  of  molecules  in  cells  which  are  sensi- 
tive to  the  action  of  toxins  and  other  bactenol  products.  Antitoxins 
so  formed  unite  with  toxins,  and  the  so-called  complementary  bodies 
and  the  bacterictdai  anti-bodies  combine  with  the  bacterial  cells, thus 
affording  protection.  These  processes  of  alteration  and  combination, 
however,  are  presumably  all  chemical,  Involving  either  alteration  of 
chemicul  structure,  or  direct  combination  of  bodies  chemically  the 
opposite  of  each  other.  Further,  theso-called  haptophorgroupsof  the 
toxin  molecule  are  probably  represented  in  fact  by  chemical  groups 
OP  radicles,  which  owe  their  power  of  combination  with  corresponding 
groups  of  other  cells  to  chemical  affinity.  Aguin,  the  complementary 
body,  normally  present  in  alt  healthy  blood-sera  and  which  is  needed 
along  with  the  specific  anti-body  f6r  the  destruction  of  bacterial  cells, 
must  owe  its  activity  to  the  power  of  chemical  combination.  Hence, 
we  have  presented  to  us  at  every  turn  tlie  question  of  the  chemical 
nature  of  these  various  substances,  toxin  and  antitoxin,  complement, 
receptor,  haptophor,  etc.,  which  are  of  such  vital  importance  in  the 
production  and  maintenance  of  inununicy  and  protection.  Surely 
this  is  one  of  the  most  important  problems  of  the  present  day  in  the 
domain  of  physiological  chemistry,  and  cidls  for 
skill  of  the  highest  order  in  ita  solution. 


for  both  patience  and    J 


SHORT  PAPER 

Mb.  Edvasd  Hallinczbodt,  Jb.,  of  St.  Louis,  )£asouri,  read  &  paper  to  thia 
Section  on  "The  Diet,  Phsrmcal  Condition,  and  Mental  Perfonnatioe  of  Certain 
Students  in  Harvard  University." 
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{HaU  »,S»plmb*r  20,  4.15  p.  m.) 

CuAiauA-v:    PnonuMnn  Oeorob  0.    CouOTocK,   Director  of  (h«    Univeralty 

Ob»rvat«rv,  Mndison,  Wiwonsin. 
SpKkKBU:    pRorKGAOR  I.KWiB  Boas,  Dirc-otor  of  Dud]ay  OimrvUtay,  Albany, 
N*w  York. 
pHornwoK  Kdwakd  C.  PicxERiNa,  Direcbar  ol  llartard  Univenity 
OWn-atory. 


The  Chaiimikn  of  the  DepurtniCDt  of  Astronomy  was  Professor 
fJeorRC  C.  Cotnstoclc.  Director  of  the  University  Observatory  at 
MadiHon,  Wiiicnnsin,  whu  opened  the  proceedings  of  the  Department 
with  th«  followine  remarks: 

"Wo  who  are  American  astronomers  have  been  wont  to  meet  under 
other  nuapicea  to  mark  the  progpewt  of  our  science  or  to  plan  new 
rampaigRs  for  its  Advancement  Iteyond  the  existing  bounds  of  know- 
ledge, and  upon  such  occasions  it  has  not  been  an  unknown  practice 
among  un  to  appeal  to  the  sociul  instincts  common  to  civiliKed  men 
of  every  vocation  and  to  embrace  the  opportunities  thus  presented 
for  the  development  of  pcrKuna)  friend^tiipa  and  the  formation  of 
a  professional  esprit  dc  corps.    With  such  nieniories  in   mind  your 
Chairman  cannot  to-day  address  himscif  to  the  declared  purposes  of 
this  Con^TMs  and  to  its  somewhat  unusual  accessories  without  first 
giving  in  the  name  of  all   Amerinin  a-strnnomcrs,  absent  as  well 
aa  present,  a  cordial  greeting  to  our  distinKuiahcd  colleagues  from 
beyond  the  sea,  who  are  to-duy  with  us  as  members  of  the  Congress. 
"The  administrative  body  eharffcd  with  the  orpaniRation  of  these 
congresses  has  planned  them  along  unique  line»,  with  emphaxis  placed 
in  special  manner  upon  the  unity  of  knowledge,  the  interrelations  of 
those  several  provinces  of  learning  mw  grown  so  extensive  (hat  no 
man  may.  with  n-uson,  aspire  t*>  thorough  acq uuin tunc c  with  more 
than  one  or  two.   That  such  relations  exist,  and  that  the>'  arc  of 
fundamental  importance  to  science  as  well  as  to  philosophy,  none  can 
doubt.    That  they  can  be  profitably  presented  at  an  ajy^eniblage  of 
international  congresses  luid  be  there  amplified  ami  emphanized  with 
oeedful  cogency  and  c1eame!>.<i  i^  in  part  our  function  to  determine, 
and  the  major  burden  of  the  iiifk  mtifit  re:«t  with  those  gentlemen  wlio 
have  been  csiMcially  invited  to  present  to  the  Congress  papers  along 
the  tinea  thus  indicated." 
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FUNDAAfENTAl,  CONCEPTIONS  AND  METHODS  IN  ASTRO- 
NOMICAL SCIENCE 

BY  LEWIS  BOSS 

[Lnia  BofS,  Direotar  of  Dudlcv  C)l>s«rvalor>-.  AIIiaiiv  N.  Y.  Profesaor  of  Astm- 
Doiur,  Union  Uniwraity.  Albany,  N.  Y.  b.  Providence.  R.  I.,  October  ifll,. 
1H4S.  A.  I).  [>«.rtfnouth,  1870:  AM.  ihid-  1K77;  1.1..!).  Tnion  ColI«e«,  1903.1 
VhM  Civilian  ArtrotKunof,  Unitci!  SUtes  Ni>rthcTH  BouiKlnrv'  Commifiwon. 
1872-7H;  Suncrin Undent  of  Weiglits  and  M«asuiws,  State  of  Vcw  Ycrk,  ISK.*I. 
M(']iil)f-ro(  ^tltumtll  Acjuti-my  tif  >*t'ii'im'B ;  Fori'ipi  Aanciuui  of  Koyul  .\3itni- 
noniicnl  Socii'ty,  I.omlini :  liriiiKh  Awixiriittion  (or  th«  Adviuioninent  of  Sciwtw; 
A§tronouiische  GewllHchnft .  Autbar  of  Drchnaliofu  o)  SOO  Stan ;  A  ppendiz  If, 
Befiorl  of  (he  U.  S.  Northtrn  Boundoru  Commtmon  :  Calalo^ie  of  S241  Sfart  ; 
PoHitiatunnd  HloHont  of  627  RlandaTd  Ulars:  und  vnriims  tapmoini  tmd  shortrr 
nrtidcff-t 

AsTitONOMii'Ai.  reseurch  huK  put  the  world  in  posso»»ion  of  a  wide 
ranfic  of  specific  knowledfie.  This  concerns  «  clflss  of  phenomenft'' 
outside  the  ordinnry  field  of  human  oxporienpe.  Astronomy  seems  to 
be  fairly  entitled  to  another  kind  of  recognitiun.  It  wns  the  pioneer 
in  Hcienlific  method.  It  was  the  first  tn  appreciate  fully  the  logic  of 
mathematical  analysis,  and  to  stimulate  its  development.  In  pur- 
Niiit  of  its  charucteriMin  aim  tn  compare  hypotheses  with  observed 
facts,  it  brought  into  prominence  this  intellectual  habit,  subsequently 
employed  in  the  development  of  all  branches  of  exact  science.  This 
aspect  of  astronomy,  as  an  intellectual  pursuit,  may  properly  claim 
our  special  atlention  at  Iho  present  time. 

The  full  and  distinct  conception  of  the  material  universe  as  a  me- 
chanism operating  under  the  dominion  of  natural  laws  that  are  simple 
and  inflexible  in  their  application  is  the  product  of  later  scientific 
induction.  From  the  first  the  investigating  astronomer  must  have 
apprehended  some  glimmerings  of  such  a  conception.  This  impelled 
him  to  submit  this  idea  to  the  test  of  exact  examination.  But  before 
attempting  to  trace  the  development  and  consequence  of  this  im- 
pulse let  us  notice  some  of  the  circumstances  that  environ  the  work 
of  the  practical  investigator  hi  astronomy. 

In  dealing  with  the  celestial  bodies  we  are  hampered  not  only  by 
the  fact  of  the  great  distances  at  which  they  are  situated  but  also  by 
the  fact  that  there  is  nothing  in  terrestrial  experience  that  offers  an 
adequate  annlofry  to  some  of  the  phenomena  that  are  obsen-ed.  The 
handicap  of  distance  has  been  somewhat  reduced  llutiugh  the  inven- 
tion of  the  telescope.  But  the  original  nnfamilianty  of  conditions 
involved  in  the  idea  of  bodies  moving  along  closed  orbits  in  space, 
without  visible  attachment  to  any  supi>ort,  produced  a  mental  shock 
requiring  time  for  adaptation  of  the  mind  to  a  set  of  new  conceptions. 
Even  now  the  physical  conditJons  that  we  observe  in  celestial  bodies. 
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extremely  unlike  the  earth  in  structure  and  tempeniturc,  present 
a  most  aerious  obst&cle  to  the  application  of  correct  principles  of 
reasoning. 

Notwithstanding  the  strangeness  of  the  phenomena  with  which 
they  have  had  to  deal.  It  is  worthy  of  remark  that  pracMciJ  investi- 
gators in  astronomy  have  indulged  sparinKly  in  speculations  about 
things  which  cannot  be  firmly  apprehended  throUfth  our  perceptions, 
or  which  have  no  adequate  analogies  in  human  experience.  They 
have  shown  little  IiK-Unalion  to  dwell  on  such  qviestions  as  that  of  the 
probable  Ihoils  of  the  universe;  whether  the  planets  are  inhabited; 
what  gravitation  really  is;  whether  there  are  burned-out  suns  in  space 
and  few  or  many  of  them;  what  is  implied  in  the  motions  of  the  stun), 
as  to  the  past  and  future  of  the  visible  universe;  and  many  other 
points  of  a  similar  nature.  Those  are  matters  of  high  philosophic 
interest  and  legitimate  Kubjet^ta  fur  &j)eculation;  but  they  arc  not  yet 
fully  ripe  for  treatment  according  to  the  logical  methods  of  scientJfic 
reacurcb;  and  therefore  the  astronomer  usually  refers  to  them  in  his 
private,  rather  than  in  his  professional  capacity- 

The  charm  of  astronomical  work  seems  partly  to  reside  ia  the  fact 
Ibat  the  senseis,  aided  or  unaided  by  mechanical  appliaiu^e^,  are  not 
directly  sufGcient  to  provide  needful  material  of  investigation  without 
important  aid  in  the  art  of  interpretation.  That  the  hypotheses  and 
theories  to  be  inferreil  from  observatioos  are  not  Immcdint^ly  sug- 
gested by  customary  modes  of  thought  is  anotlier  attractive  feature 
of  the  work. 

In  the  aatrononiy  of  motion  the  question  at  issue  is  not  always 
vhcther  a  certain  thing  can  be  seen,  or  not  seen;  it  more  often  turns 
on  probability  of  evidence.    .\  smaU  planet  iippeann  exactly  like  the 
stars  and  is  primarily  dislin|aii.'<hpd  from  them  only  by  its  motion. 
The  object  suspecterl  tn  be  a  planet  either  distinctly  ap|»ar»  to  move 
relatively  to  surroimding  stars,  or  it  does  not  ao  appear.    Decision 
relative  to  that  fart  drtormines  the  question,  which  ia  not  strictly 
quantitative.  On  the  other  hand,  does  the  annual  motion  of  the  earth 
in  its  orbit  cause  an  apparent  shifting  from  side  to  side  of  nearer  stars 
relatively  to  those  more  distant?    It  should  do  this  If  the  earth  really 
movesand  the  stars  are  not  so  distant  as  to  render  this  apparent  shift- 
ing, orannual  imrallax, inappreciable.  Thelargestannual  parallax  thus 
far  detected  for  any  star  is  less  than  one  second ;  and  in  only  a  fow  in- 
stances does  it  amount  to  one  tenth  of  this  quantity.  To  measure  the 
tenth  of  a  second  on  the  sky,  with  absolute  certainty,  in  a  single  set 
of  operations  on  any  one  night,  is  undoubtedly  beyond  the  present 
poeBibUilies  of  any  means  now  employed.    The  question  then  arises 
whether,  by  multiplying  observations  and  varying  the  cirrumstatices 
of  measurement .  the  casual  and  systematic  errors  nf  observation  can 
be  so  far  eliminated  through  compecaation  of  positive  and  negative 
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RiToni  th&t  the  Miiall  quantity  actually  Kou^ht  will  emerge  la  the  5nal 
average.  This  will  be  a  question  of  mathematical  probability;  and  it 
is  not  lilwnys  cnsy  to  tkttTiniiip  what  the  exact  measure  of  this  prob- 
ability ie.  Yot,  if  we  could  not  measure  the  parallsxes  of  the  stftra, 
astronomy  would  lank  one  vprj' important  link  in  the  chain  of  evidence 
by  which  the  rcaltly  of  the  cnrth'H  motion  is  firmly  deinoiuitrated. 
Furthermore,  if  the  parallaxes  of  the  stars,  and  coiiticquently  their 
distances,  could  not  he  measured  with  a  fair  approximation  to  the  real 
quantities,  then  a  most  important  element  in  the  foundationof  stellar 
astronomy  would  be  wanting.  Consequently  astronomer  arc  oblif^d 
to  measure  thei^  quantities  as  well  as  they  e^in,  and  they  must  push 
their  methods  and  efforts  to  extremity. 

In  short,  a«:tronomem  are  continually  obliged  to  measure  and  reason 
about  quantities  which  cannot  be  distinctly  perceived  in  the  telescope. 
Accordingly,  from  the  necessities  of  the  case,  there  has  arisen  in 
modem  astronomy  what  is  almofjl  n  distinct  eeience  —  that  of  meas- 
urement —  which  absorbs  a  very  important  part  of  the  total  energj' 
expended  in  astronomical  research.  Tliis  is  carried  so  far.  in  some 
instances,  that  the  astronomer  sometimes  seems,  in  a  measure,  to 
lo^e  sight  of  the  natural  phenomenon  to  be  observed  and  to  be  quite 
wholly  absorbed  in  the  means  by  which  he  observes  it. 

Tl\e  nature  and  neeensitios  of  modern  scientific  research  have 
brought  about  what,  for  the  want  of  a  betlyr  term,  might  tie  called 
the  astronomy  of  the  unseen.  The  coiiipa.nion  of  Algol  ha«  never  l>een 
seen  and  never  can  be  seen,  yet  it  is  known  to  exist  and  even  its 
dimensions  aud  ma^  are  known  with  a  fair  degree  of  probability.  So 
far  OS  tills  idea  concerns  apparent  motion  on  the  face  of  the  sky,  ita 
means  of  perception  are  found  in  multiplication  of  measurements; 
in  variation  of  the  methods  and  circumstanceft  of  those  measurements; 
and  in  interpretation  of  resultj*.  One  phajie  of  thejte  processes  is  well 
illustrated  in  n-sfflrchcs  upon  the  solar  parallax.  For  its  determina- 
tion there  are  atleaat  four  distinct  types  of  investigation, each  involv- 
ing the  application  of  more  than  one  method.  The  discordance  in 
angle  between  the  result-**  from  each  of  these  four  sources  of  deter- 
mination is  too  sjnaU  to  be  perceived  by  the  aid  of  the  most  powerful 
telescope.  In  many  other  instances,  as  in  the  variation  of  the  earth's 
axis  of  nitation  from  its  axi.-i  of  figure,  uMrnnnmy  succejafully  reasonii 
ulx)ut  quantities  which  arc  actually  too  small  to  be  perceived  im- 
mediately through  any  aids  of  the  senses  that  are  avmlabto.  The 
logic  of  this  achievement  rests  upon  the  validity  of  the  pnietjeal 
application  of  the  mathematical  theory  of  probabilities  to  the  Ixcat- 
ment  of  residual  phenomena.  The  outcome  is  that  the  objoctive 
reality  of  things  which  we  cannot  see  miiy  be  as  firmly  established 
aa  chat  of  things  which  wc  can  see.  The  entire  process  is  easeniially 
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an  iutellectual  one  in  which  thn  testimony  of  the  seniieB  plAjj^  only 
&n  indireci  part. 

The  mure  recent  dcvelopincnta  in  all  physical  science  illustratn 
Uiis  tendency  to  cxteucl  the  ficl«l  of  knowltrdRc  beyond  thai  wliich 
CAD  be  directly  apprehended  by  sense- perception.  'Iliis  kind  of  inves- 
tigation undoubtedly  results  in  n  pcouliar  intclleetunl  satisfaction; 
it  extends  indefinitely  the  territorial  domain  of  the  mind;  and  it 
arouiies  the  conaeiousness  that  man  poRse-sscs  intellcetual  powers  of 
a  capacity  to  lo&rn  the  things  of  the  external  world  to  which  no  one- 
can  set  dcBnitQ  limits. 

An  incrcneingly  tmuhlrBome  feature  of  aetranomicul  rejiearch  id 
found  in  the  unwieldy  nature  of  some  of  the  problems  which  it  pre- 
sents. The  work  of  developing  and  applying  the  thcor)-  of  a  single 
planet  is  very  gre-at  in  itself;  but  the  nature  of  the  problem  now 
requires  for  it  its  sufficient  treatment  that  the  entire  family  of  eight 
major  planets  shall  be  considered  together.  The  full  mathematical 
development  of  the  lunar  theory  could  scarcely  he  compaH»t*d  in  the 
professional  life  of  one  astronomer.  It  is  fitlll  more  difhcult  to  ece 
how  the  problem  of  structure  and  motion  in  the  stellar  universe  13  to 
be  cfTectively  handled  in  the  future  without  systcmatfc  orgtinization 
of  the  forces  concerned  and  without  controlled  division  of  labor. 
TTiese  facts  appear  to  suggest  that  the  science  of  astronomy  differs 
BOmewhat  from  the  generality  of  other  branches  of  exact  eciencc  in 
this  respect:  that  in  working  out  some  of  its  single  and  really  integral 
problems  an  unusually  extensive  combination  of  effort  is  required 
io  order  to  arrive  at  the  result.  This  detracts  from  the  jwrwonal  glory 
of  the  individual  who  ia  often  able  to  investigate  only  one  section  of 
an  essentially  integral  problem.  But  this  fact  doe*  not  appear  to 
deter  the  investigator  in  all  caaes,  nor  to  lessen  his  enthusiasm. 

The  ainglc  investigator  in  astronomy  is  not  permitted  to  devise  and 
select  crucial  experiments  (perhaps  only  one)  by  means  of  which  an 
hypothesis  can  be  sustained,  or  overthrowD,  at  once.  Any  astro- 
nomical hypothesis  which  in  at  all  of  a,  fundamental  character  must 
usuaUy  be  discussed  through  induction  from  a  great  multitude  of 
otwerved  facta,  provided  by  numerous  ubservem,  in  relation  to  whom 
l^ie  relative  value  of  their  testimony  must  of  itself  be  partly  a  matter 
of  induction. 

It  may  be  worth  while  to  consider  for  a  moment  the  nature  of  the 
scientific  truth  which  the  astronomer  endeavora  to  ascertain.  There 
seems  to  be  no  occasion  t«  enter  upt)n  a  philosophical  disquisition 
concerning  the  real  essence  of  truth  ami  the  possibility  of  objective 
lealjty.  The  astronomer  proceeds  exactly  as  if  the  objective  world 
were  real ;  but  he  recognizes  that  the  truths  which  lie  is  able  to  ascer- 
tain concerning  it  arc  of  a  relative  character.  What  appears  to  be 
most  fearable  and  fruitful  in  astronomical  research  is  the  attempt  to 
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coordinate  diverse  facta  tmdrr  a  gcucml  fiirmula,  rule,  or  conception, 
by  meanti  of  which  wc  can  upprchond  all  the  facts  as  parte  of  a  single 
entity.  The  value  o(  this  process  of  coordination  is  realiwd  in  two 
ways.  First,  it  'us  the  means  of  referring  otherwise  diseonntftod 
phenomena  to  a  common  ori(nn.  This  is  aeromplished  by  iiwans  of 
a  formula  which  serves  to  connect  them  as  parts  of  a  greater  whole. 
Such  a  formula  can  then  l»e  pTusprd  and  brought  into  one  Bl-W  df 
mental  view.  Secondly,  this  coordination  may  identify  some  fact, 
or  principle,  in  nature  that  not  only  serves  to  connect  a  f^up  of 
observed  phenomena  but  itself  also  represents  a  real  fact  in  nature. 
The  history  of  astronomy  denionslrates  thai  the  investigator  is  not 
deterred  from  an  effort  to  gain  possession  of  the  element  of  value 
first  mentioned  by  any  failure  to  grasp  the  second  element.  This  is 
not  because  the  discovery  of  truths  in  nature,  that  have  a  real  exart- 
ence,  is  not  regarded  as  the  most  valuable  reward  of  research,  but 
because  experience  has  sho'wn  that  the  invention  of  a  satiafnetorj* 
formulation  of  observed  phenomena  ultimately  leads  to  the  diseoverj* 
of  things  whieh  may  be  regarded  an  objectively  real.  In  this  sense 
we  may  say  that  every  successful  representation  of  observed  fi 
through  the  adoption  of  a  formulated  conception  results  in  scieni 
truth.  Examination  of  the  manner  in  which  astronomical  researah 
has  dealt  with  celestial  motion  will  iiluetratc  this  idea. 

Until  lecnt  years  the  invpstigatinn  nf  apparent  eelestial  motion 
haa  been  by  far  the  most  important  ocriipation  nf  the  astronomer. 
Br«%pl  defined  it  iis  pwentially  constituting  the  snirnee  of  aMtrnnomy. 
WV  see  the  rplestial  motions  hs  they  are  projected  on  the  apparent 
surface  of  the  celestial  sjihere.  We  cannot  vary  our  point  of  view  at 
will  in  nnler  to  aep  these  motions  in  upacc  of  three  diinrnstiins.  Tram 
our  immediate  perceptions  we  arc  wholly  unable  to  form  any  reliable 
opinion  BS  to  what  they  are  really  like,  or  as  to  the  relative  distances 
separating  the  earth  from  celestial  objects.  The  distances  mu-it  be 
derived  from  induction  along  with  the  other  circumstances  defining 
the  motions.  Furthermore,  the  observer  himself  b  in  motion.  His 
motion  is  complicated.  Envimerating  only  the  most  important,  we 
have,  first,  the  motion  of  diurnal  rotation;  secondly,  the  annual 
revolution  of  the  earth  around  the  sun  as  a  centre;  thirdly,  a  rvpid 
translatory  motion  through  wpacc  of  the  earth  along  with  the  sim. 
All  these  motions  produce  apparent  motions  of  the  celestial  bodies 
on  (he  face  of  the  sky;  and  these  motions  must  be  disentangled  from 
those  which  properly  belong  to  those  bodies.  The  first  investigators 
were,  in  a  ppecially  unfavorable  situation  for  successful  research. 
They  were  not  even  aware  of  the  motions  of  the  earth  and  sun.  All 
expericree  supported  the  impreesion  of  stability  for  the  earth.  It 
vrseetually  Dcceesfirytu  uverthniwthe  direct  testimony  of  the  scuses 
bffore  the  system  of  celestial  motions  could  be  conceived  as  it  aclu- 
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ally  exiflta.  Hereiu  astronomy  ultimately  accomplished  a  great  serv- 
ice to  the  development  of  knowledgf  in  demonstrating  the  important 
function  of  the  inlellectual  protosa  throuKl'  wliicli  the  direct  impres- 
«ions  of  perceptions  should  be  intcrprclcd. 

Hipparehus,  the  first  gren-t  investigator  in  astronomy,  saw  that 
theHohitionof  t}ie  problem  of  planetary  motions  muHt  be  approaehed 
through  the  invention  of  simple  geometrical  conceptiomi  by  the 
mathiimaticuJ  consetim-ntrs  of  nhicli  the  obncrvcd  motions  could  b« 
represented.  He  found  that  the  uppamit  motion  of  the  sun  i]i  it 
plane  inclined  to  the  veluatial  equator  could  be  reprcseuted  aa  arisinK 
from  n  uniform  circular  motion  of  the  sun  around  a  centre  outside 
the  earth.  He  deduced  the  nominnl  orbit  of  the  sun  in  this  way  and 
verified  the  reisult  by  ghouing  that  this  hypothesis  represeJited  his 
obs4-rvrd  poRilinns  of  the  sun,  as  he  saw  it  on  the  sky,  within  the 
posjiible  errora  of  his  ol>srrvation».  This  is  modern  tw:icntific  invcatl- 
gatiou  complete  at  ever}*  point.  There  is  every  reason  to  IhiUcvc  that 
HipparehUB  consciously  employed  his  invention  as  on  hypothesis 
without  insisting  strongly  on  its  objeetivo  re&lity.  His  discovery  is 
in  the  nature  of  an  inlellectual  truth  which  was  the  seed  from  which 
subsequent  knowledge  of  the  solar  system  developed. 

ActiniK  on  the  idea  suggested  in  the  work  of  Hipparchus,  IHolemy 
extended  the  hypothesis  of  imiform  circular  motion  to  include  motion 
in  nn  epicycle;  that  is  to  say,  be  conceived  a  planet  to  be  revolving 
uniformly  on  the  circumference  of  a  circle,  the  centre  of  which  wm 
nvolving  uniformly  on  the  eireumfer4?nce  of  another  circle. 

otigh  he  added  other  mechanism  to  his  scheme,  tlus  of  uniform 
motion  in  eccentrics  and  epicycles  was  the  fundamental  notion.  We 
know  from  Ptolemy's  account  of  his  labors,  that  he  regarded  his 
hypothesis  mainly  as  a  computing  device,  ^a  geometrical  concep- 
tioD  which  could  be  eucceeefully  applied  in  the  representation  of 
pparont  planetary  motions,  aa  the  aatnmomerB  of  that  age  saw 
tbetn;  he  was  perfectly  awure  of  the  fact  that  the  sun  uould  be  cm- 
ployed  as  the  centre  of  reference  for  planetary  motion.  But  that  idea 
was  repugnant  to  human  expt-'rienee;  since  it  involved  the  conse- 
quence that  the  massive  carUi  must  turn  upside  down  every  twenty- 
four  hours ;  and  that  this  giant  body  of  matter,  toward  the  centre  of 
which  all  bodies  were  helievecl  to  tend,  must  become  tributary  to  the 
sun,  then  supposed  to  I*  a  body  of  fire,  al  that  time  elflsBilied  as  the 
lightest  of  elements.  The  a-Ktonishing  facts  of  the  plsnel&ry  system 
already  known  at  that  time  Invested  them  with  a  degree  of  mystery 
bich  rendered  it  next  to  impoMsiblc  to  nrgard  the  substance  of  which 
they  are  composed,  or  the  means  by  which  their  actual  motions  are 
maintained,  as  having  any  credible  analogies  in  terrestrial  experience. 
In  view  of  all  the  cireumstances,  it  seems  reasonable  to  agree  with 
the  view  of  Delambre  that  Ftolemy,  in  the  light  of  his  time,  would 
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not  have  b««n  juetified  in  intrndut^ing  into  kin  work  an  hypotkf 
which  then  sporactJ  contrary  to  all  human  experience.  His  woric 
remained  a  pure  geometric  coiieeption  deaigiied  to  serve  the  practical 
find  of  grouping  under  one  idea  the  rcpreKcntation  of  observed  ccl«- 
linl  motionB.  From  this  procedure  continued,  the  tr\itb  would  be 
sure  to  emerge. 

At  it-S  inception  the  inventinn  of  the  heliooentric  hypothpjtiJi  by 
Copernicus  w&s  virtually  no  more  than  a  development  and  improve- 
ment upon  the  fundamental  ennrrption  of  Ptolrmy.  The  principle 
of  uniform  cireular  motion  was  reiuincd.  Tlic  n;moval  of  the  centre 
of  reference  from  the  earth  to  the  sun  was  the  chftracttrialic  featiiic 
of  this  hypothesis,  and  this  was  a  distinct  improvement  in  the  geo- 
metric ideal.  From  the  standpoint  of  the  philonopher  of  that  time 
it  could  be  regarded  a.^  no  more  than  this.  In  defending  his  new  s}-*- 
t'em  Copernirus  was  not  ab!e  lo  advanre  a  single  reason  more  con- 
vincing than  that  due  tn  the  Rimplificution  of  planetary'  computa- 
tions thus  brougiit  about.  The  telescopic  discoveries  of  Galileo  were 
yet  to  be  made.  Nothing  was  then  known  of  the  laws  of  motion,  or 
of  gravitation.  The  annual  apparent  motion  of  stars  upon  the  sky 
due  to  reflex  effects  of  the  motion  of  the  earth  was  then  unknown 
and  could  not  have  been  ascertained  by  any  means  of  measurement 
then  available.  Yet  all  thene  sources  of  proof,  and  more,  are  now 
needed  for  the  establishment  of  the  theory  of  the  earth's  motion  od 
a  really  sound  philosophic  basis. 

We  may,  then,  fairly  denominate  the  invention  of  Copernicus  m 
a  step  in  astronomical  development  not  greatly  different  in  it*  inner 
philosophical  quality  from  the  steps  previously  introduced  by  Hip- 
psrrhus  and  Ptolemy.  It  resulted  in  improved  representation  of  plan- 
etary motion,  and  brought  the  astronomer  one  long  stage  nearer  bis 
gosl,  —  the  search  for  a  demonstrable,  objeetive  reality  as  the  bans 
of  planetary  motion. 

The  new  system,  besides  admitling  of  greater  fiimplieity  and  per- 
fection in  the  compulations,  lent  an  appearance  of  reality  to  repre- 
sentation of  the  relative  distances  of  planets  from  the  earth  in  sxic- 
ceesive  intervals  of  time.  This  was  of  capital  advfl.Htage  to  Kepler  id 
his  research.  The  excellent  observations  of  Tycho  Brahe  had  con- 
vinee^l  Tycho  and  Kepler  that  the  existing  hypothesis  of  planetary 
motion,  as  reHulting  from  compounded  unifunn  circular  motions,  wa« 
no  longer  tenable  even  as  a  deviee  of  computalioii.  Yet  it  aliould  be 
observed  that  the  existing  planetary*  tables  available  for  the  criti- 
cism of  Kepler  served  him  a  most  useful  purpose  in  hia  approxima- 
tions toward  the  true  elliptical  forms  of  planetary  orbits  and  the  equa- 
ble description  of  areas.  Thedcsireto  picture  celestial  motions  as  they 
actually  laite  place  in  space,  and  to  account  in  that  xvay  for  the  appar- 
ent trace  of  those  motions  on  the  eky,  as  actually  ob«ervcd,  appefljs 
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to  hnvt  been  more  marked  in  the  work  of  Kepler  than  in  that  of  any 
investigator  up  to  that  time.  But  beyond  vague  conjectures,  Kepler 
did  not  try  to  form  any  theory  to  coordinate  under  a  more  general 
concept,  the  facts,  or  laws,  of  planetary  motion  that  ho  had  diiscov- 
ered.  TTiis  task  was  reserved  for  Newton. 

It  is  well  known  thai  surmises  in  relation  to  a  hypothetical  attrac* 
Uon  emanating  from  the  sun  and  acting  on  the  planet«  were  more  or 
less  vaguely  entertained  by  Kepler,  Huyghens,  Hooke,  Hnlley,  and 
others  in  the  seventeenth  century,  They  had  even  conjectured  that 
this  attraction  might  vary  inversely  as  the  square  of  the  diatance. 
Hitherto,  astronomy  had  been  a  formal  seienee,  —  an  attempt  merely 
to  define  the  motions  whk-h  flclualiy  lake  place.  But  here  we  see  evi- 
dence of  a  deaire  to  refer  iheae  motions  to  some  antecedent  cause,  — 
a  veritable  physical  origin  of  them.  In  fact,  the  moat  significant  fea- 
ture of  Newton's  work  is  in  his  discovery  that  the  law  of  planetary 
attraction  is  none  other  than  the  terrestrial  attraction  that  acta  on 
bodies  at  the  surface  of  the  earth. 

But  as  soon  aa  the  theory  of  uuivernal  gravitation  could  be  regarded 
as  sufficiently  established  tu  warrant  extensive  labor  in  its  applica- 
tion, the  normal  course  of  astronomical  research  was  resumed.  The 
application  of  the  principle  of  gravitation  lo  represent  the  deviations 
of  the  orbits  of  the  planets  from  the  exact  elliptical  form,  the  nu- 
merous inequalities  in  the  motion  of  the  moon,  the  phenomena  of 
planetar)-  satellites,  the  polar  fiat  toning  nf  the  ear1.h  and  planetti,  was 
similar  in  spirit  to  the  attempt  to  represent  the  motions  of  the 
planets  through  the  (teometrical  ronception  nf  compounded,  uniform, 
cireulur  nuitinn.  BiiL  it  ii;  aUo  true  that  a  gri-atly  incn-ased  iuiercat 
attached  to  thia  nucceaisinn  of  researches,  —  an  interest  of  broad 
philosophical  scope.     This  interest  is  at  leost  twofold. 

In  the  first  place,  the  representation  of  the  apparent  releHlial 
motions  through  the  application  of  gmvitntional  theorpms  not  only 
possesses  the  advantage  of  coordinating  nbM>rvation»  in  the  best 
possible  manner,  —  a  thing  which  previmwly  constituted  the  whole 
business  of  astronomy, — but  all  this  work  also  tends  to  the  firm 
estabiiiibment  of  a  fundamental  postulate  by  means  of  which  not  only 
the  motion  of  one  planet,  but  also  all  the  motions  ("trietly  speaking, 
the  accelerations)  of  all  the  planets,  satrllit^^s,  cometw,  and  meteors, 
could  be  interpreted  and  referred  to  one  antecedent  cause. 

In  the  second  place,  the  working  out  of  the  conscqucncrs  of  the 
formula  of  gravitation  emphssixed  a  criterion  that  is  extremely  im- 
portant in  estimating  weight  nf  pvidcnce  in  relation  to  any  synthesis 
concerning  natural  plicnomena.  The  truth  of  a  theory  i.s  measured  not 
simply  by  success  in  representing  the  facts  on  which  it  is  liased.  The 
real  test  comes  in  the  representation  of  facts  not  conMidered  in  the 
original  oaiablishmont  of  the  thcorj*.   Especially  satisfactory  is  it,  if 
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the  new  raetg,  used  as  a  test,  differ  in  tlioir  special  nature  from  those 
relied  on  in  the  original  consitniction  of  the  theory. 

Thus  the  theory  of  gravitalion  not  only  accounted  for  known  in- 
equalities  In  the  motion  of  the  moon,  but  it  wafi  also  the  means  of 
pointing  out  the  probable  existence  of  other  inequalities  that  wcrp 
subiiequenlly  verified  by  obsenation.  Not  only  were  the  perturba- 
tions of  existing  planets  explained,  but  a  hitherto  unknomi  planet  ■ 
was  detected  through  its  perturbations  exerted  on  a  kno«'n  planet, 
and  was  subaequeutly  found  to  be  acluftlly  visible  in  the  sky.  The 
polar  compre^loii  of  the  earth  waa  predicted  aa  a  consequence  of 
gravitation  before  measurement  was  employed  to  verify  the  fact. 
Not  only  was  the  precession  of  the  e([uinox  shown  to  be  a  consequence 
of  this  theory,  but  the  analogous  nutation  of  the  earth's  axis  was  die- 
covered  and  formulated  from  that  theory  in  advance  of  the  ability  of 
obw-rverH  to  detect  the  minute  apparent  uiotions  of  the  stars  which 
are  traceable  to  ihia  cause.  Tliia  lL«tt  might  be  indefinitely  extended, 
but  it  seems  already  sufficient  tu  point  out  the  most  valuable  element 
in  verification  of  natural  law. 

The  astronomy  of  the  stars  is  now  in  much  the  same  relative 
situation  afi  that  oooupied  by  planetary  astronomy  two  thousand 
years  ago.  The  probiemN  that  confront  it  must  I>e  worked  out  by  the 
historic  method  of  temprtrarily  asKumtng  simple  geometrical  con- 
ception."t  that  may  be  svwperted  to  underlie  and  connpict  the  diverse 
facts  of  obfirr^'ation.  The  Greek  school  of  astronomy  was  preceded 
by  u  long  period  in  which  classification  of  ohscr\'etl  phenomena 
marked  the  limit  of  attainment.  The  circle*  of  reference  for  the  apbere 
were  invented  and  the  facts  of  diurnal  rotation  noted ;  the  path  of  the 
zodiac  waa  marked  out;  the  recurrence  of  eclipses  was  studied;  and 
the  length  of  the  year  was  approximately  determined.  Thus  a  large 
stock  of  conventional  ideas  was  accumulated;  and  these  proved  uae- 
fid  t.o  the  more  exact  and  ingoing  research  upon  which  the  Greek 
school  of  astronomers  entered. 

A  similar  accumulation  of  classified  facts  and  conventional  ideu 
is  going  on  now  in  the  interest  of  stellar  astronomy.  First,  and  most 
important  of  all,  we  are  in  pub'session  of  the  roBulta  of  a  very  lai^e  _ 
expenditure  of  skill  and  energy  in  accumulating  observed  poeitiona  I 
of  stars  at  various  e]>oclis  from  1735  to  the  present  time.  As  the  time 
seems  to  be  drawing  near  when  parts  of  the  stellar  problem  may  be  _ 
accessible  to  actual  research  with  a  good  hope  of  results,  both  the  ■ 
skill  and  energy  devoted  to  obser\'ations  of  tJtellar  positions,  from 
which  the faetsof  stellar  uiotiuncun  be  derived,  is  on  the  increase.  The 
effects  of  certain  stellar  motions  which  are  merely  apparent  have  been 
formulated,  and  the  greater  part  of  these  effects  can  now  be  diaen- 
tangled  from  the  observations,  titattst-ical  researches  concerning  the 
distribution  of  stars  suggest  valuable  hypotheses  to  be  subsequently 
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testfld  through  invostigatif>n  founded  on  the  observed  motionB  of  the 
stant,  Thf  problem  of  linding  «  fixed  line  of  reference  in  dirention 
that  ran  lie  identically  recovered  at  any  future  time,  so  far  as  this 
can  be  acoomplishrd  under  its  necessarj'  limitations,  has  nri-nved  a 
morki-*!  dcprpc  of  attetilion,  and  will  receive  much  more. 

In  fa«t,  the  bccinningfi  of  actual  rcsoarch  upon  ibc  problem  itself 
have  been  made  in  the  disco  von-  of  the  sun's  motion  of  triinsiation  in 
Bpaee,  This  discovery,  with  the  operations  thnt  have  established  it,  in 
roughly  analogous  to  the  work  of  HippnrehiiR  in  determining  a  nom- 
inal orbit,  of  the  sun.  The  solar  motion  appears  likely  to  furnish  im 
with  the  base-line  needed  in  stellar  investigation;  and  this  nuturnlly 
bccomw  an  object  of  close  attention  until  the  outline  of  facts-reganj- 
ing  it  Bhatl  be  well  determined,  The  sun  is  laying  down  this  ba«c-line 
at  on  annual  rate  of  dislanee  which  is  probably  from  four  to  six  timea 
as  great  as  that  nhieh  separatoa  the  enrth  from  the  sun.  It  is  evident 
that  the  length  of  this  base-line  rapidly  accumulates  with  time.  Al- 
ready a  sufficient  length  of  it  has  been  paid  out,  so  that  we  see  the 
nearer  stare  from  a  distinctly  different  point  of  view.  We  are  even 
now  able  to  determine  the  relative  mean  disLancca  from  us  of  stars 
eliwified  in  groups.  It  Ik  even  now  almost  possjbk  to  execute  the 
tnangulntion  from  this  batte  by  meane  of  which  in  connection  nith 
spectroscopic  measures  of  radial  motion,  we  may  determine  the  dis> 
tanccsof  individual  stars.  Tlie  faciliiy  with  which  tlii«  can  be  done  will 
increase  in  a  ratio  more  rapid  than  that  of  the  increased  lapse  of  lime. 
Within  a  century  from  now  we  may  anticipate  that  astronomers  will 
begin  tos««  the  stars  in  space  of  three  dimensions,  and  thatthisability 
to  see  them  thus  will,  thereafter,  rapidly  become  more  clear  and  un- 
cUiubted. 

Tliere  is  now  at  the  disposal  of  reHcarch  in  stellar  astronomy  an 
accimmlation  of  carefully  measured  iKisitimiM  of  stars  at  dcMircd  eixji-hs 
in  the  pn«t  much  larger  than  might  have  been  pnwidcd  on  account 
of  anticipated  needs  in  this  special  line.  The  requirements  of  geodesy 
and  of  the  astronomy  of  planets  and  comets  arc  largely  responsible 
for  thin.  Instead  of  a  supply  of  observations  growing  out  of  the  pro 
rioiwly  declared  needs  of  the  stellar  problem,  we  find  interest  in  that 
problem  fo»terc<l  and  stimulated  by  the  npi)nrtunity  for  investigation 
afforded  by  observations  mainly  provided  fof  another  purpose. 
Astronomy  i«  filled  with  illuatrationa  of  the  fact  that  its  pn)gi-ess  is 
frequently  due  to  a  natural  development,  rather  than  to  deliberate 
plans  in  advance.  Thus  Bradley,  in  the  eighteenth  eentun,',  set  out 
to  detect  the  minute  apparent  motions  of  stars  due  to  the  already 
predicted  effect  of  nutation.  While  engaged  in  this  investigation  he 
discovered  the  effect  of  aberration;  and  these  two  discoveries  further 
led  to  a  complete  revolution  in  the  standards  of  accuracy  which  it 
became  feafiibic  to  prescribe  for  astronomical  meafiuremeiit^.   Again, 
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HeiBohel,  sysleraatjcally  mc&suHng  th«  relative  direelion  of  one  star 
from  another  very  near  it  for  the  pur[xi(te  n{  delecliiig,  if  i>ossible, 
any  appn'ciabli-  cfff-ct  of  unmml  parallax  due  to  the  differing  dis- 
tances of  the  two  Htars.  discoven-d  that  many  of  the  so-called  double 
8t*r8  really  constitute  physical  systems,  since  known  as  binary 
stars. 

From  ineidrnts  Hke  these  has  grown  a  dictum  that  every  recorded 
ineasiiromnnt  nf  the  position  of  a  moving  eelestial  body  is  imporlant 
irrespretivr  of  any  immcdiu-teulitity  of  it  that  may  be  apparent  at  the 
time  it  is  made.  It  is  an  inspiriiiR  thought  that  every  such  measure- 
ment records  a  faot  unique  in  the  history  of  ixalurt.  If  the  oppor- 
tunity to  measure  be  nefilcctcd  the  omission  can  never  be  supplied. 
Can  it  he  said  that  miy  niea-snrement  of  the  position  of  a  moving  body 
is  BiipPTfluous?  Should  re.siK>nKP  to  a  sppcial  need  eonstitute  the  only 
recognized  motive  In  making  suph  measurements?  The  forc*^  at  the 
ditipntiul  of  utitrnnomirul  rrseiirrh  lire  finite.  The  demands  of  the  hour 
arc  always  great.  Masse*  ))f  measurements  for  the  uses  of  puslerily 
muBt  UBually  coutaiii  an  element  wf  uncertainty  us  to  exactly  what 
may  really  be  needed.  Uncertainty  as  to  future  improvements  in  the 
art  of  measurement  may  be  such  as  to  raise  the  question  whether 
present  standards  are  not  liable  to  become  obsolete.  Therefore,  the 
accumulation  of  measurements  upon  the  celestial  bndieH  chiefly  for 
the  UBe  of  posterity  is  not  to  be  commended  without  limitationa.  It 
would  seem  that  a  large  element  of  comparatively  immediate  utility 
should  inhere  in  every  such  undertaking;  or  it  should  become  vcrj' 
clear  that  posterity  will  certainly  need,  and  will  be  able  lo  profit  by, 
the  ob8er\'at)on8  we  uow  make  for  them. 

These  limitations  do  not  spem  to  ojwrate  against  the  extensive 
scheme  of  accurate  observation  upon  all  stars  lo  the  eleventh  magni- 
tude,known  as  the  AstrogrsphicCliart.  Tliifi  is  an  undertaking  which, 
while  it  has  its  present  uses,  will  probably  offer  a  much  larger  measure 
of  utility  to  astronomers  of  future  generations  engaged  in  stellar 
research.  The  first  and  most  important  requirement  in  the  solution 
of  this  problem  is  that  astronomy  shall  be  in  possession  of  measure- 
ment.'^  upon  as  many  stars  as  possible,  repeated  at  various  epochs 
over  the  longest  possible  interval.  In  thia  way  the  unavoidable  sys- 
tematic errors  of  the  measurements  may  be  rendered  relatively  lees 
obnoxious  to  the  total  of  obeerved  stellar  motion,  especially  where 
that  motion  is  very  small.  It  aeema  probable  that  the  uicasurements 
from  the  Astrographic  photographs  mark  very  nearly  a  practical 
limit  of  accuracy  for  operations  on  a  large  scale.  Accordingly  we  may 
be  quite  certain  that  no  astronomical  work  of  the  present  generation 
will  be  better  appreciated  by  astronomers  of  later  ages  than  that  upon 
the  Astrographic  Chart,  which  will  convey  to  them  the  first  accu- 
rately observed  positionsof  the  viuit  majority  of  stare  that  it  cootaios. 
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In  this  undcrtakiriK  wc  liavc  a  most  striking  illustration  of  an  altruis- 
tic Bpirit  towani  posterity  whioli  must  bo  rcgaixIpiJ  as  thi>  Unent  attri- 
bute of  a  pivilizatiori  having  nt  hpaii  thpcnllpctivp  intPrpsl^of  thenice. 

In  the  strugglfl  to  Hpcwre  the  exlrannliiiary  degree  of  real  acruraoy 
rpquirpcl  in  the  efftH-tivr  treatment  of  imptirtant  pmbleiruH  in  niixlnm 
Mtronamy,  tlic  acnitiny  In  which  thtt  fallibility  tif  the  aeiiacM  in  sulj- 
jcctcd  is  a  notable  feature.  Bctirccly  a  measurement  can  now  be  made 
flonceming  whioli  a  donbt  is  not  interposed  as  to  the  possible  effect  of 
personal  idinsynerapies  of  the  observer,  nr  us  to  some  unrrropiiEwi 
effect  due  to  the  instrument  employed.  Aceordingly  there  haw  grown 
up  during  the  last  few  yearn  the  habit  of  aficcial  riwnrch  with  a  view 
either  to  the  drtrrmination  of  the  effeL-t  <if  these  peculiarities,  or  to 
dcvismii  the  mcana  whereby  they  may  be  eliminated. 

In  modem  astronomy  even  the  direct  testimony  of  %T3ion  is  sub- 
jected to  n  similar  donbt,  Tluis  we  have  the  teslimnny  of  various 
observers  that  they  have  seen  on  the  siirfaee  of  Mars  eerwin  very 
faint  markingH  wbieh  they  call  canals.  At  the  same  time  other  inves- 
tigators declare  that  these  murkings  may  be  merely  illusions  due  to 
optical  and  mental  strain;  and  they  prtiduee  inKTiiious  pxperiments 
to  prove  their  contention.  These  facts,  and  many  others  that  might 
be  cited,  illustrate  the  critical  tendencies  of  modern  astronomy  which 
are  now  somewhat  more  acccntuatpd  than  they  were  in  former 
times. 

The  present  course  of  astronomy  strongly  tends  toward  future 
development  of  the  power  to  apprehend  and  rcuwon  abmit  quantities 
that  ai«  too  small  for  direct  perception.  If  thin  l)e  so.  the  esKentlally 
intellectual  character  of  the  processes  employed  will  become  still 
more  evident  than  it  has  been  in  the  past  of  astronomical  investiga- 
tion. This  modem  development  that  is  working  in  all  branches  of 
exact  science  appears  to  be  of  more  than  temporary  significance  In 
the  history  of  the  race.  Its  effect  is  to  enlarge  the  domain  of  human 
experience  by  diHcoveries  in  territory  before  unknown.  Thifl  is  equi- 
valent to  enlarpng  the  world  in  which  we  live  and  adding  to  its 
variety.  The  sairie  significance  should  attach  to  this  work  that  would 
be  ascribed  to  the  discov-ery  of  a  new  continent-  In  eftoct  these 
quasi-supersensual  discoveries  introduce  ihs  into  regions  of  know> 
ledge  which  are  nhaolutely  new  to  human  experience;  and  when  the 
number  of  those  who  are  able  to  enjoy  an  intellectual  tour  in  these 
regions  shall  become  a  relatively  numerous  element  of  population, 
this  species  of  additions  to  knowledge  will  Ijocome  still  more  highly 
appreciated. 

In  recent  times  we  have  become  distinctly  conscious  that  astronomy 
has  enlarged  its  field  of  investigation  to  cover  a  class  of  researches 
not  immediately  reducible  to  the  study  of  apparent  motion.  The 
development  of  the  spectroscope  has  brought  this  about.     Some 
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might  contend  that  spectroscopic  researches  upon  the  physical  con- 
etitution  of  the  Min  and  stars  are  as  distinct  from  niechaiucal  investi- 
gations which  are  concerned  with  these  bodies  as  units  in  motion, 
irrespective  of  their  internal  etnicture.  as  the  science  of  chemistrj" 
is  distinct  frtim  that  of  inech&ni(!».  A  brief  evaininatiun,  however, 
will  show  that  the  respective  fields  of  the  two  departmenia  of 
astronomy  are  so  interwoven  that  they  camitil  readily  be  divorced. 
Through  the  application  of  a  principle  of  spectral  analysis  the  con- 
clusions of  the  older  astronomy  a-re  nut  only  suppiemeiited,  but  they 
are  logically  strengthened  in  their  standing  as  concepts  having 
objective  reality.  For  example,  the  theorj'  that  the  earth  moves  in 
an  orbit  about  the  sun,  quite  recently  in  ihe  world's  history  a  mere 
hypothesis,  requiring  a  vcritftble  mountain  of  demonstration  before 
mankind  waa  really  justified  in  its  aeceptance.  rereivcs  support  from 
direct  oheervations  of  the  motion  of  the  earth  in  its  orbit  made  evi- 
dent in  the  investigation  of  stellar  spectra.  It  may  be  conceded  that, 
from  the  ordinarj-  point  of  view,  this  added  evidence  was  not  actually 
required.  But,  from  the  standpoint  of  the  philosopher,  this  new 
evidence  cannot  be  regarded  as  superflumw.  Likewise,  the  measure- 
ment of  the  motions  of  planets  in  the  line  nf  si^ht  aimilurly  confirms 
the  theory  of  the  solar  system.  Metusurcment.  of  stellar  motions  in 
the  line  of  sight,  by  means  of  the  spcctnjscope,  connects  the  field 
of  astrophysics  indissolubly  with  the  astronomy  that  deals  with 
thwart  motions  as  scon  upon  the  face  of  the  sky.  The  two  lines  of 
research  off«r  rnncurrent  testimony  that  is  nf  extremely  great 
philosophic  impiirlanne  in  arriving  at  concRptions  regarding  motion 
in  the  stellar  universe.  But  the  lutiieul  connecticm  of  the  two  brsm;bC8 
of  astroiininiciil  iirtivity  liat*  a  mure  profoundly  philosophic iii  biuis. 
The  discovery  of  the  law  of  gravitation  introduced  a  virtually  new 
object  of  inquiry  to  the  attention  of  astronomers.  To  what  extent 
can  likene!«s  be  traced  in  phv-iical  laws  and  cirt-iimstances  that  gen- 
erally prevail  among  the  celep*tial  boilies,  including  the  earth  a-i  one 
nf  them?  The  rotation  of  the  sun  on  itt4  axis,  the  levolution  of  satel- 
lites about  the  planet«.  and  a  few  other  tlisronnected  farts  of  this 
kind,  had  already  suggested  thoughts  as  to  such  likenesB.  Rut  the 
discovery*  of  gravitation  gave  an  immense  stimulus  to  this  idea- 
The  mere  fact  that  every  partirlp  of  matter  in  the  sohu*  system  al- 
tractK  every  other  swept  away  ripariy  the  lait  ve."ttige  of  speculations 
which  predicated  an  essentially  peculiar  difference  lietween  terrestrial 
and  non-terreKtrial  matter  us  In  fundamentn.1  ituulities.  Matter  in 
Saturn  was  found  to  be  heavy  in  the  same  gon;=4;  that  matter  on  Ihe 
earth  is  heavy.  Not  so  long  ago  comets  were  generally  supposed  to 
be  emanations  of  some  mysterious  substance,  —  celestial  will-o'-the 
wisps-  That  idea  is  now  relegated  to  the  limbo  of  forgotten  things; 
and  the  essential  likeness  of  comets  to  other  celestial  bodies,  in  ^ub- 
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st&nce  and  in  obedience  to  gTavitation.  is  now  genernlly  understood. 
Later  on.  discoveries  concerning  the  revolutiona  of  the  componenta 
of  binupy  etars  in  elliptical  orbitH  extended  the  hypolhenin  of  like- 
ness tliroughout  the  stellar  universe.  The  dincovery  that  the  sun, 
like  all  the  gturs.  is  movin;;  through  apace  approximately  in  a  straight 
line,  at  a  velocity  comparable  with  the  velocities  of  motion  among 
the  stars,  iiTe««tibly  lerl  to  the  conclusion  that,  from  the  viewpoint 
of  ftny  et&T,  the  sun  would  be  seen  a?  a  »mall  bIh-t  differing  in  no  dis- 
coverftble  respect  from  otherw  of  the  same  l)rightness.  These  were  a 
few  of  the  poiuta  suggesting  e&sential  miity  of  law  and  matter  through- 
out the  universe.  Such  ideas  are  removed  by  a  great  gulf  from  those 
which  prevailed  at  the  beginning  of  the  Christian  Kra. 

The  introduction  of  researches  iu  astrophyeics  raised  tliis  line  of 
induction  to  a  new  plane  of  logical  perfection.  It  proved  that  the 
phyMcal  condition  of  the  stars,  broadly  considered,  resembles  that  of 
the  sun.  It  showed  that  the  radiance  of  self-luminous  bodieti  is  attrib- 
utable to  the  same  cause  which  is  needed  for  a  similar  effect  at  the 
surface  of  the  earth.  Moreover,  it  shuwed  that  tbvre  in  remarkable 
likeness  in  the  chemicid  conslitutiou  of  various  bodies  throughout 
the  visible  universe, — epecifically,  that  hydrogen,  tront  and  other 
elements  are  quite  universally  constituents  of  the  most  widely 
separated  of  the  celestial  (wdies.  The  chemical  elements  existing  in 
the  sun  were  found  to  l«  very  nearly  identinal  with  those  found  an 
the  earth:  and  what  is  more  remarkable,  the  progress  of  cheitiieal 
investigation  of  icrreslrial  elemcnUt  served  to  increase  the  evidence 
of  apparent  likeness  in  chemical  constitution  between  tlicsunund  the 
earth. 

Thus,  from  a  speculntioD.  carefully  guarded  with  limitations  in  its 
exprefwion,  the  idea  of  essential  likenctHof  natural  phenomena  in  their 
operations  throughout  the  universe  was  developed  into  a  theorem 
which  it  would  now  seem  childish  to  doubt.  Thi.s  conclusion  is  the 
joint  product  of  the  two  brunches  nf  u»tronr»mical  science.  In  this 
Bpeciol  line  astrophysics,  the  newer  branch,  has  borne  a  very  iniptirt- 
ant  part;-  and  it  would  wcm  that,  in  a  future  of  great  promise,  its 
^are  must  be  etill  more  conspicuous. 

Summing  up,  now,  the  results  of  human  experience  in  the  history 
of  astronomical  investigation,  we  trace  the  influence  of  two  intellect- 
ual conceptions  which  appear  to  have  inspired  all  that  has  been 
done.  The  first  is,  that  all  the  observed  phenomena  of  motion  can 
lie  referred  to  fundamentally  simple  geometrical  idcale  as  to  their 
real  origin.  The  second  is  th.'kt  the  essential  qualities  of  matter  and 
the  operations  of  nature  throughout  the  universe  are  everywhere 
virtually  the  same. 
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HY   EDWARD  CHARLES   NCKEMNO 

[Bdwwd  Cbsrles  Pickering.  Director  of  Hnrviutl  Cnlltve  OliMrwIory.  t,  Jtitjr 
le,  1846.  S.U.  Lnwrt-ncc-  .Sd)-iitiJ!c  Bchool,  \.»&i;  LL.D.  Univcnity  of  Califor- 
nia, I88&i  ibid.  MichiKUi.  1&87;  ibid.  Chicaxo,  100);  ibid.  Uciddber?:,  1003, 
ihiJ-  Harvard,  1Q03;  D,Sc,  Victuriu  Uiiivi-mity,  Maiicli'-Btt-r,  KiikUui).  Tliaver 
rtoloswrof  PliysicB,  MoMftehuicltalnrttitutoaf  T«?hnr)li>ftv.  ISflr-"7-  Mrmh*rr 
at  Nfttional  Acsowny;  Uoynl  Aittronoini«tl  Society;  Sonrtiiiiti  of  Littid,  Xlpxien, 
Palermo,  Chnijourg.  I.in««t,  Konifi.  I*reus».;  Aitronomic^al  .Sorioly  of  Fraucv. 
Author  of  Elementi  of  Phusiral  Stampulation;  aho  of  about  ftfly  volunuv  of 
tlie  Annalii  aj  Harvard  CotUf/e  Olitmatary.) 

If  an  intelligent  observer  should  see  the  stars  fur  the  first  Uroe,  I 
two  of  their  properties  woultl  impress  him  re  subjects  for  careful 
*tudy,  —  first,  the  irrelative  positions,  and  secondly,  the  irrelative 
brightnesi?.  From  the  first  of  these  has  arisen  the  aelronoiry  oC 
jHwititJTi.  or  Biitroiiietry.  This  is  sometimescalled  the  Old  A*itnmoray, 
Kinct  until  within  the  last  twenty  years  the  astronomers  of  the  world, 
witli  few  exceptions,  devoted  their  attention  almost  catirely  to  It. 
To  tlic  mcflsiire  of  the  light  should  be  added  the  study  of  the  color 
of  the  slurs  (still  in  its  infancy),  und  the  study  of  their  compositiou, 
by  means  of  the  spectroscope.  In  this  way  a  young  giant  has  been 
reared,  whicli  has  almost  dwarfed  its  older  brothers.  The  EM^ience  of 
aBtrophysii's.  or  the  New  Aslnjuomy,  lias  tlnis  been  developed, 
which  during  the  last  few  years  hiis  rejuvenated  the  science  and  given 
to  it,  by  its  brilliant  discoveries,  ii  public  intcrnst  which  wmid  not 
otherwise  hove  been  awukcncd.  The  upplicution  to  stdlur  uetronomy 
of  the  daguerreotype  in  1S50,  of  the  photograph  in  1857,  and  of  tlio 
dry  plate  in  1SS2,  has  opened  new  fields  in  almost  every  department 
of  this  science.  In  sonic,  as  in  stellar  sjiectroseopy,  it  has  almost  com- 
plet*ly  replaneil  visual  t>bBer\'fttioiis. 

One  department  of  the  New  Astronomy,  the  relative  brij^htness  of 
the  stars,  in  ru^  old  as,  or  older  than,  (he  Old  Astronomy,  An  ostro- 
namcrfivcn  now  might  do  useful  work  in  thla  department  without  any 
instrumcntswhfttflver.  Hippnrchus  is  known  to  have  made  a  cataloRuc 
of  the  stars  about  151)  H.  v.  f*tolcmy.  in  138  a.  n.,  iusucri  that  great 
work,  the  Alma4]est,  whirh  for  fourteen  hundred  years  constituted 
the  prinripiil  anrl  almost  the  sole  authority  in  astronomy.  It  con- 
tained a  cataloKUC  of  102S  stars,  perhaps  biimd  on  that  of  IlipparchuB. 
Ptol^niy  used  a  wale  of  stellar  niufcnituden  which  haa  continued  in 
U3C  to  the  present  day.  He  called  (he  brightest  stara  in  the  sky  the 
first  magnitude,  the  faint«st  visible  to  the  naked  eye,  the  sixth.  More 
.ttriotty,  he  wnvd  the  first  six  letters  of  the  Creek  alphabet  for  this 
pvirpoBc.  But  he  went  a  step  further,  and  subdivided  these  classes. 
If  a  star  seemed  hri^ht  for  it.i  class,  he  added  the  letter^  (mu).  stand- 
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ing  for  fK^Mw  (ineiicoit) ,  large  or  bright,  if  the  star  was  f aiut  be  added 
f  (epsilon),  standing  for  iJ^iaauiv  (elasnon),  email  or  faiiit.  Tliese  esti- 
mates were  presunmbly  carcfuUv  iiiiide.  and  if  we  bad  them  uuw,  they 
wuuld  be  of  the  greatest  value  iu  dct«riiiiiiiiig  the  sevular  changes,  if 
iuiy,  in  the  light  of  the  stars.  The  earliest  copy  we  have  of  the  Alma- 
gest is  no.  2389  of  the  collection  in  the  Bibliotfa^ue  Nationale  of 
Paris.  It  is  a  beiiutiful  munuHcript,  wnlU>n  in  tlie  uncial  chartLclerti 
of  tJie  ninth  ('('nlurj',  A  few  years  ago  it  oould  be  seen  by  any  one  in 
oneof  the  libuw-cajses  of  the  library.  There  are  inanylaler  manu^ripts 
and  printed  editioiia  which  have  been  ct>nipftrfd  by  various  atudciits. 
The  errors  io  these  various  copu«  arc  ao  numerous  that  there  is  an 
uncertainty  in  the  poeitioc.  magnitude,  or  identification  of  about  two 
thirds  of  the  stars.  A  most  important  revision  was  made  by  tlie  Per- 
aan  aHtn)nonier,  Abd-al-rabman  al-Siifi,  who  re-nbsor\'ed  Ptolemy's 
stars,  A.  I).  964,  and  noted  tlie  cases  in  which  he  found  a  difTerence, 
The  careful  study  and  triinnlation  of  this  work  fniin  Arabic  into 
French  by  Schjellerup  has  rendered  it  readily  accoasibic  to  mudcni 
readers. 

No  important  addition  to  our  knowlcdi^  of  the  light  of  the  stars 
WHS  made  until  the  time  of  Sir  William  Herschel,  the  greatest  of 
modem  obpervers.  He  found  that  when  two  8tan»  were  nearly  equal, 
the  difference  could  be  estimated  very  accurately.  He  de^tij^nuted 
these  inter\'als  by  points  of  punctuation,  a  period  denolinj:  equality, 
a  comma  a  very  E>ma]l  interval,  and  a  dash  a  larger  inter^-al.  In  1796 
to  1799,  he  published  in  the  Philoaophicai  Traniactioni  four  catalogues 
covering  two  thirds  of  the  portion  of  the  sky  visible  in  England. 
Nearly  a  century  later,  it  waa  my  great  good  fortune,  when  visiting  his 
grandson,  to  diaeover  in  the  family  lilirary  the  two  catalogues  re- 
quired Io  complete  this  work ,  and  which  h«d  not  been  known  to  exist. 
These  two  catiUoguea  are  still  unpHbli-shed,  Meanwhile,  little  or  no  uac 
had  been  made  of  the  four  published  catalogues  which,  while  com- 
paring one  star  with  another,  furnished  no  means  of  reducing  all  to 
une  system  of  uiagnitudes.  The  Harvard  uieoaures  permitted  me  to 
do  this  for  all  six  catalogues,  and  thus  enabled  me  to  publish  ma^- 
tudes  for  2785  stars  observed  a  century  ago,  with  an  Bcciiracy  nearly 
oomparable  with  the  best  work  of  the  present  time.  For  nearly  half 
a  century  do  great  advance  was  made,  and  oo  astronomer  wax  wise 
enough  to  see  how  valuable  a  work  he  could  do  by  merely  reiwating 
the  obser\'ations  of  Herschel.  II ml  this  work  been  extended  to  the 
southern  stars,  and  rei»eated  every  ten  years,  our  knowledge  of  the 
constancy  of  the  light  of  the  stars  would  have  been  greatly  increased. 
In  IS+I,  Argelauder  proiJoscd,  in  studying  variable  sliira.  to  estimate 
small  intervals,  modifying  the  method  of  Herschel  by  using  numbor« 
instead  of  points  of  punctuation,  and  thus  developed  the  method 
known  by  his  name-  This  is  now  the  best  method  of  determining  the 
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light  of  the  stars,  when  only  the  naked  eye  or  a  telescope  is  availuble. 
and  much  valuable  work  might  be  done  by  applying  it  to  the  fainter 
Btara,  and  esi>ecially  to  cltmteiw. 

Mt'anwhile  photonietriL*  ineaaurea  of  the  stars  according  to  v»rioi» 
methods  had  hwn  uiiderLukcu.  In  1S50,  Pog»on  showed  that  tlip 
scale  of  magiiiludi-a  of  I'tulcmy,  which  ia  still  in  uue,  could  be  nc&riy 
repreeented  by  aasuniing  the  unit  to  be  the  conBtant  ratio.  2.&12. 
whose  logaiittim  i»  0.4.  Tliis  has  been  geiierally  adopted  as  the  basis 
of  the  standard  photometric  scale.  The  photometer  devised  by  ZoU- 
ner  has  been  more  widely  used  than  any  other.  In  Uiis  instrument, 
an  artificial  star  is  reduced  any  desired  amount,  by  ixilariaed  light, 
until  it  appears  to  equal  the  real  star,  both  being  seen  side  by  side  in 
the  telescope.  Work  with  (.his  instrument  lias  attained  ita  greatest 
perfection  at  the  Potsdam  OhHervatory,  wliere  meoiturea  of  the  tight 
of  tlie  northern  stars,  whose  magnitude  is  J.H  and  brighter,  have  been 
in  progress  Hinee  1886.  The  rcfnilting  magnitudes  have  tteen  pubh^ed 
for  12.040  stare,  included  in  declination  between  —2^  and  -^60^. 
The  accidental  errors  are  extremely  small,  but  aa  the  results  of  differ- 
ent catnlofTues  differ  system atieally  from  one  another,  we  cannot  be 
sure  which  is  right  and  wliat  ia  the  real  accuracy  attained  in  each 
caae.  In  1885,  the  Uranomctria  Ozaniensis  was  published.  It  gives 
the  magnitudes  of  27S1  northern  stars,  north  of  deelination  —  10*. 
This  work  is  a  remarkable  one,  especially  as  it.s  author,  Professor 
Pritohard,  began  his  tistronomieal  career  at  the  age  of  sixty-three. 
The  method  he  employed  was  that  of  reducing  the  light  of  the  stars  by 
mraiis  of  a  wedge  of  »hade  glass  until  they  became  invLsihlc,  and  then 
determining  the  briichtnpFs  from  the  pomlion  of  the  wedge.  A  careful 
and  laborious  investigation,  extending  over  many  years,  has  been  car- 
ried on  by  Mr.  H.  M,  I'arkburst,  using  a  modifiention  of  this  method. 

For  several  years  before  the  Oxford  and  Potsdam  measures  de- 
scribed above  were  undertaken,  photometric  observations  were  in 
progress  at  Harvard.  In  1877.  a  large  number  of  compariwins  of 
adjacent  Rtars  were  made  with  a  polnrizing  photometer.  Two  images 
of  each  star  were  formed  with  a  double-image  prism,  and  the  relative 
brightness  was  varied  by  turning  a  Nicol  prism  until  the  ordinar\' 
image  of  one  star  fippcnrod  equal  to  the  exlraordinarj'  imago  of  the 
other,  Several  important  sources  of  error  were  detected,  which,  once 
known,  were  easily  eliminated.  A  bright  star  will  greatly  affect  the 
apparent  brightness  of  an  adjacent  faint  one.  the  error  often  exceed- 
ing a  magnitude.  Systematic  crroni  amounting  to  several  tenths  of 
a  magnitude  depend  upon  the  relative  positions  of  the  images  com- 
pared. They  are  perhapa  duo  to  the  varying  sensitiveness  of  the 
different  parts  of  the  retina.  This  photometer  has  many  important 
advantages.  However  bad  the  images  may  be,  lliey  are  always  exactly 
alike,  and  may,  therefore,  be  compared  with  accuracy.    Both  stAts  arc 
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«ff<sjtod  equally  by  passing  clowds,  so  that  this  photometer  may  be 
UB«d  whenever  the  etara  are  visible,  and  at  tiirtes  when  other  photo- 
metric work  is  impossible.  Tlie  dimiiiulion  in  li^ht  al»>  follows  a 
simple  geometrical  law,  and  is  readily  computed  with  great  accuracy. 
There  is  no  unknown  constant  to  be  detennined,  as  io  the  IMtchard, 
Uid  nearly  all  other  photometers.  The  principal  objections  to  this 
instrument  are,  first,  that  stars  cannot  be  compared  unices  they  are 
near  together,  and,  seeondly,  that  faint  stars  cannot  be  measured, 

ec  one  half  of  the  light  is  IobI  by  polarisation.  The  principal  usee 

far  made  of  this  form  of  pliotometer  are  in  comparing  the  components 
of  double  stars,  and  in  a  long  series  of  observations  of  the  eclipses  of 
Jupiter's  satellites,  whieh  now  extends  over  a  quarter  of  a  century 
and  includes  7&8eclipses.  Instead  of  observing  the  time  of  disappear- 
atiee,  a  series  of  measurements  is  made,  which  gives  a  light-curve 
for  each  eclipse.  Mueh  important  work  might  yet  Iw  done  with  this 
form  of  photometer,  in  measuring  the  components  of  doubles  and  of 
clusters,  and  determining  the  light-curves  of  variables  width  have 
a  moderately  bright  star  near  them. 

Ad  important  improvem<ml  vfos  made  in  this  form  of  photometer 
in  1892.  by  which  stars  as  much  as  half  a  degree  apart  could  be  com- 
pared. Tim  pnne*i  of  light  of  two  such  Ktars  are.  bn)ught  together  by 
achromatic  prisms,  so  that  they  can  be  compared  hs  in  the  preced- 
ing in.itnimert.  As  there  is  no  part  of  the  sky  in  which  a  suitable 
comjMiriscm  star  ciinnot  he  found  within  lhi.<i  distance,  any  star  may 
be  raeajiiirpd  with  thL-f  infitrument.  In  the  hands  of  Professor  Wendell 
ibis  photoroctcrhusgivenrpRultaof  remarkable  prccinioii.  The  average 
deviation  of  the  result  of  a  set  of  sL\teea  settings  is  about  thre^- 
hundredths  of  a  magnitude.  Ught-eur\'C8  of  variables  can  thercfoie 
be  determined  with  great  precision,  and  suspected  variable-K  ran  be 
divided  into  those  that  are  certainly  variable,  and  those  whose  changes 
arc  prolxably  lees  than  a  tenth  of  a  magnitude. 

Another  change  in  this  instrument  produced  the  meridian  photo- 
meter. Instead  of  using  the  two  cones  from  one  object-glass,  two 
object-glasses  were  iised,  mirrors  being  placed  in  front  of  each.  In 
this  way,  stars  however  distant  can  be  compared.  In  theory,  this 
instrument  leaves  but  tittle  to  tte  desired.  Almost  everj*  .source  of 
error  that  can  be  suggested  can  be  eliminated  by  proper  revcrsiona. 
Ab  constnirted.  the  telescope  is  place«l  horiBonUlly,  pointinR  cast 
or  west.  One  mirror  reflects  a  stAr  near  the  pole  into  the  field,  the 
other,  a  star  upon  the  meridian.  A  slight  motion  of  the  mirror  per- 
mits stars  to  be  observwl  for  several  minutes  before  or  after  entmirt- 
ation.  The  first  meridian  photnmeler  bad  objectives  of  only  two 
inches  aperture.  With  this  instrument,  94.476  measures  were  made 
of  4260  stars,  during  the  years  1879  t*  1882.  All  stars  were  included 
of  the  sixth  magnitude  and  brighter,  and  north  of  declination  -30°. 
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The  second  instrument  had  objectives  of  four  inches  aperture,  nod 
permitted  stars  as  faint  ss  the  tenth  magnitude  to  be  meaeured.  With 
this  instrument,  during  the  years  1U82  to  ISi^,  267,092  me&aures 
were  made  of  20,982  stars,  including  all  the  calalogue  stars  and  all 
the  Htars  of  the  ninth  magnitude  and  brighter,  in  zones  twenty  min- 
utes wide,  and  at  inlwvals  of  five  degrees,  from  the  north  polo  to 
declination  —20°.  In  1889,  the  inatrmnenl  was  sent  to  South  Amei^ 
ite.,  where  98.744  measurts  were  made  of  7922  southern  stars,  extend- 
iDg  the  two  preceding  researches  to  the  south  pole.  On  the  return  of 
the  instrument  to  Cambridge  473,216  meaaurce  were  made  of  29,5S7 
Atars,  including  all  those  of  the  magnitude  7.5  and  brighter,  north  of 
deeliiiatiou  -30".  TIuh  work  ocfupitfd  the  years  I8U1  to  1S9S.  The 
imtrumeot  was  again  sent  to  Peru  in  1898,  and  50,819  mca^iu-ea  were 
made  of  5332  stars,  including  all  ihoeie  of  the  seventh  magnitude  and 
brighter,  south  of  declination  -30°,  The  latest  research  has  been  the 
measurement  of  a  scries  of  stars  of  about  the  6[th  magnitude,  one  in 
each  of  a  series  of  regions  ten  degrees  square.  Fjich  of  these  stars 
is  measured  with  thr  greatest  care  on  ten  nights.  This  work  lias  been 
coiupleted  and  published  for  stars  north  of  declination  —30*,  59,428 
meaaures  having  been  made  of  8S9  stars.  In  this  count,  numerous 
obher  stars  have  bet-n  included.  Himilar  nicuaurcs  are  now  in  progress 
of  the  southcri)  stars,  this  being  the  third  time  the  mcridiim  photo* 
mot<^r  has  been  sent  to  vSouth  America.  The  total  number  of  meas- 
urement'' exceeds  n  million,  and  the  number  of  stars  is  about  sixty 
thousand.  About  sixty  stars  can  be  identified  with  care,  and  each 
measured  four  times  with  this  instrument  in  an  hour.  The  probable 
error  of  a  set  of  four  settings  is  ±0.08. 

The  principal  objection  to  the  instrument  just  daacribcd  is  the 
great  lodd  of  light.  To  measure  veT>-  faint  etais.  another  type  of  phot-o- 
mcter  hoa  been  devised.  A  12-inch  telescope  has  been  mounted 
horizontally,  like  the  mcKdinn  photometer,  and  an  artificial  star  re- 
fleeted  into  the  field.  The  light  of  this  star  is  reduced  by  a  wedge  of 
shade  glass,  until  it  apjiears  equal  to  the  star  to  be  measured.  Four 
hundred  thousnnd  measures  have  been  made  with  this  instrument 
during  the  last  five  years.  The  principal  research  ha»  been  the 
measurement  of  all  the  stars  in  the  Uonn  DurchmuaUmng.  which  are 
contained  in  zone^  ten  minutes  wide  and  at  intervals  of  five  degrees, 
from  the  north  pole  to  declination  —20°.  Large  numbera  of  stars  of 
the  tenth  and  eleventh  magnitudes  are  thus  furnished  as  standards 
of  light.  .^8  the  light  of  the  object  observed  is  unobstructed,  any 
star  however  faint,  if  visible  in  the  telescope,  may  be  measured. 
Accordingly,  many  stai-s  of  the  twelfth  and  thirteenth  magnitudes 
have  been  selected  and  measured,  thus  furnishing  faint  standards. 
Sequences  of  standard  stars  have  been  selected  from  coarse  ctustem, 
thus  perniitthig  estimatcB  or  measures  of  these  bodies  to  be  re- 
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duced  to  a  uniform  photometric  scale.     An  i&vestigatloo  of  great 
value  has  been  carried  out  suctesefully  at  the  Georgetown  College 
Obeervatoiy,  by  the  Rev.  J.  G.  Hagen,  S.  J.    All  the  stars  of  the 
thirteenth  magnitude  and  brighter  have  l>een  catalogued  and  char- 
tered, in  a  series  of  regions,  each  one  degree  square,  Kummnding 
variable  atars  of  long  period.    Beside«  meimuring  the  potiitions,  he 
haa  detcnnined  the  relative  brightness  of  these  slant.    A  sequence 
has  then  been  elected  from  each  of  liieHG  regionH,  and  ntcusuRxI  at 
Harvard  is-itb  the  12-iiich  mendian  photometer,  thus  permitling 
all  to  b«  reduced  to  a  uniform  scale.    As  the  photometer  was  first 
coDFtnirfed,  ^tars  brighter  than  the  seventh  magnitude  could  not 
be  mea.'iured,  Kinoe  they  were  brighter  than  the  artificial  ittar,  and 
could  not  be  rendered  equal  to  it.    Thin  difficulty  wax  remedied  by 
inserting  a  scries  of  shaden,  the  dcnwwt  of  which  reduced  the  light 
by  ten  magnitudes.    By  this  method,  the  range  uf  the  photometer 
may  be  incrcawd  inde&nitdy.    Siriua  and  stare  of  the  twelfth  mag- 
nitude have  been  gntisfiietorily  measured  in  suecesidon.     A  furtlMr 
modification  of  the  instrument  permitted  surfaces  to  be  cnrnpared. 
The  light  of  the  sky  at  night  and  in  the  daytime,  during  twilight, 
at  different  distances  from  the  moon,  and  different  portions  of  the 
disk  of  the  latter,  have  thus  boon  compared.    Measures  extending 
over  seventeen  magnitudes,  with  an  average  deviation  of  about 
throe  hundredths  of  a  magnitude,  were  obtained  in  this  way.    One 
light  was  thus  compared  with  another  nix  miltioD  times  aa  bright 
as  itaelf.    A  slight  modification  would  permit  the  intrinsic  brightness 
of  the  different  portions  of  the  sun's  disk  to  be  compared  with  that 
of  the  faintest  nebulse  visible.     By  these  instruments,  the  scale  of 
photometric  magnitudes  has  been  carried  as  far  as  the  thirteenth 
magnitude.    To  provide  standards  for  fainter  stars,  &  small  appro- 
priation was  made  by  the  Rumford  Conimittee  of  the  American 
Academy.     Cooperation  was  secured  among  the  Directors  of  the 
Yerkes,  Lick.     McCormick.    Halstcd,  and  Harvard  Observatories. 
Similar  photometers  were  constructed  for  all,  in  which  an  artificial 
Btar  was  reduced  any  desired  amount  by  a  photographic  wedge. 
Telescopes  of  40,  36,  26,  '2Z,  and  15  inches  aperture,  including  the 
two  largest  refractors  in  the  world,  were  thus  ti^ed  In  the  same  way 
on  the  same  research.     The  standards  have  all  lieen  selected,  and 
nearly  all  of  the  measurements  have  been  made.     This  furnishes 
a  Ftriking  illustration  of  the  advantages  of  cooperation,  and  com- 
bined organization.    Wticn  these  ohscrvationn  are  reduced,  wc  nhaJ1 
have  standards  of  magnitude  according  to  a  uniform  scale  for  all 
stars  from  the  brightest  to  the  faintest  visible  in  tho  largest  tele- 
scopes at  present  in  use.   The  60-inch  reflector  of  the  late  A.  A.  Com- 
mon has  recently  been  secured  by  the  Harvard  Observatory.     It  is 
hoped  tliat  still  fainter  stars  may  be  measured  with  this  instrument. 
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We  have  as  yet  only  considered  the  total  tight  of  a  stnr.  so  far  as 
it  afrc<:ts  the  eye.  But  this  light  consists  of  rays  of  many  different 
wuve-lenglJia.  In  red  stars,  one  color  predominates,  in  blue,  another. 
The  true  method  is  to  compare  the  light  of  a  given  wa^'e-iength  in 
different  stars,  and  then  t-o  determine  the  relative  intensity  of  the 
rays  of  different  wave-lengths  in  different  tttars,  or  at  least  in  atars 
whose  BjMwtra  are  of  different  tyiiPH.  This  is  the  only  true  method, 
and  frirtunately  spectrum  photography  permits  it  to  be  done.  Tlie 
Draper  ('ataloguc  gives  the  dasa  of  spcL-tnini  of  10,351  fttara.  and 
the  relative  briKhtnew  of  the  light  whose  wave-length  is  4^0  is  deter- 
mined for  eacrh.  In  1S9I.  measures  were  published  of  the  relative 
light  of  mys  of  various  wave-lengths,  for  a  number  of  stars  whose 
spectm  were  of  the  first,  serond,  and  third  types. 

A  much  simpEer  but  less  sntiHfnr>tory  method  is  to  mensiire  the 
total  light  in  a  photographic  imsge.  Ah  in  the  ca-ie  of  eye-photometry, 
thifl  method  is  open  to  the  objtTtion  that  rays  of  different  colors  are 
combined.  Blue  fitar»  will  appear  relati\-ely  brighter,  and  red  stAfs 
relatively  fainter,  in  the  photograish  than  to  the  eye.  This,  however, 
is  an  advantage  rather  than  an  objection,  since  it  appears  to  funiish 
the  best  practical  measure  of  the  color  of  the  stars.  Relative  photo- 
graphic magnitude.^  can  be  obtained  in  a  variety  of  ways,  and  the 
real  difficulty  is  to  reduce  them  to  an  absolute  scale  of  magnitudes. 
But  for  this,  photographic  might  supersede  photometric  magnitudes. 
In  other  respects,  photography  possessed  all  tlie  advantages  for  this 
work  that  it  has  for  other  purposes,  and  many  photometric  problems 
arc  within  the  reach  of  photography,  which  seem  hopeless  by  \'isual 
methodH.  In  1857,  Profeiwior  George  P.  Bond,  the  father  of  stellar 
photography,  showed  that  the  relative  light  of  the  stars  ooutd  be 
dct«rniined  from  the  diameter  of  their  photographic  imaged.  This  is 
the  method  thai  hua  been  generally  adopted  elsewhere  in  deterinining 
photographic  magnitudes,  although  with  results  that  are  far  from 
satisfactory.  It  is  singular  that  lUthough  this  method  originated  at 
Harvard,  it  is  almost  the  only  one  not  in  "se  here,  while  a  great 
variety  of  other  methods  have  l>een  applied  to  many  thousands  of 
stars,  during  the  last  eighteen  years.  Relative  measures  are  obtained 
very  satisfactorily  by  applying  the  Herechel-Argelander  method  to 
photographir  images,  and  if  those  could  be  reduced  lo  absolute  inag- 
nitudes,  it  would  leave  but  little  to  be  desired.  In  the  attempt  to  de- 
termine absolute  magnitudes  avaricty  of  methods  has  been  employed. 
The  simplest  is  tn  form  a  scale  by  photographing  a  serie^s  of  images, 
using  different  expoanres.  The  image  of  any  star  may  be  compared 
directly  with  such  a  scale.  To  avoid  the  uncertain  correction  due  to 
the  time  of  exposure,  different  apertures  may  be  used  instead  of  dif- 
ferent exposures.  Another  method  is  to  attach  a  small  prism  to  the 
objective.   The  image  of  every  bright  star  is  then  accompanied  by 
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tt  second  image  a  fen*  minutes  of  arc  di^itAnt  from  it,  and  Tainter  by  a 
constant  amount,  as  five  magnitudes.  TrailR  may  be  measured  more 
accurately  than  cimilar  images,  and  trails  of  stant  near  the  pole  have 
van'ing  velocities,  which  may  then  be  compared  with  one  another  by 
means  of  a  scale  Again,  images  out  of  fticu»  may  bo  comporiMt  with 
pcreAt  accuracy  and  rapidity  by  rncanti  of  a  jihotOKraphiL-  wedge. 
These  comparisons  promise  to  furnish  exrellent  magnitudes,  if  they 
can  only  be  reduced  to  the  photometric  scale.  A  catalogue  giving  the 
photographic  magnitudes  of  1131  stars  within  two  degreeji  of  the 
equator,  and  determined  from  their  tmils,  was  published  in  1889. 
Great  care  waH  taken  tn  eliminate  errom  due  to  right  aAren»ion,  tto 
fchat  standardit  in  remote  portions  of  the  aky  are  comparable.  A  sim- 
ilar work  on  poJar  stars  at  upper  and  tower  culmination  determined 
the  photogrnphic  absorption  of  the  atmosphere,  which  is  nearly 
twice  as  great  as  the  \-iRual  absorption.  A  cHtalogue  of  forty  thousand 
stars  of  the  tenth  magnitude,  one  in  each  square  degree,  has  been 
undertaken,  and  the  measures  are  nearly  complete  for  the  porlinn  of 
the  sky  extending  from  the  e<juat<ir  to  declination  +  30",  Theseatara 
aT«  compared,  by  means  of  a  gcnle,  with  the  prismatic  companions  of 
adjaecnt  bright  stars.  Two  measures  have  been  made  of  images  out 
of  focus  of  8489  stars,  including  all  of  those  north  of  declination 
-  20°,  and  brighter  than  the  seventh  magnitude.  This  work  is  being 
continued  to  the  south  pole.  The  most  important  completed  cata- 
logue of  photographic  magnitudes  is  the  Cape  Photographu'.  Durch- 
mttrterunff,  the  monumental  work  of  CHll  and  Kapteyn.  454,875 
stars  south  of  declination  —  10*'  are  included  in  this  work.  Unfortun- 
ately, the  diflicuUy  mentioned  above,  of  reducing  the  magnitudes 
to  an  absolute  system,  has  not  been  wholly  overcome,  but  the 
work  is  published  in  a  form  which  will  permit  this  to  be  done  later,  if 
a  method  of  reduction  can  be  discovered.  The  extension  of  this  great 
work  to  the  north  pole  is  one  of  the  greatest  needs  of  astronomy  at 
the  present  time. 

The  map  and  catalogue  of  the  Astropbolographic  Congress,  the 
moat  extensive  research  ever  undert^aken  by  astronomers,  will  not  be 
discussed  here,  as  it  will  doubtless  be  described  by  others  better  able 
than  I  to  explain  ita  merits.  If  completed ,  and  if  the  difficulty  of  re* 
duciag  the  measureeof  brightness  to  a  standard  scale  can  bcovercome,. 
it  will  furnish  the  photographic  magnitudes,  as  well  as  the  positions, 
of  two  million  stars.  Time  does  not  permit  the  consideration  here  of 
certain  other  investigations  of  photographic  magnitudes,  such  a«  those 
made  at  Gnuiingen.  They  generally  relate  to  a  comparatively  small 
number  of  stars. 

The  sugecstioD  that  the  intensity  of  a  photographic  star-image  be 
measured  by  the  amount  of  heat  it  cuts  off  from  a  thermopile,  deserx-ea 
careful  study,    it  should  give  a  great  increase  in  precision,  and 
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would  dnri&te  dependence  on  that  tool  of  many  defects,  the  human 
eyi).  No  use  stems  to  have  been  made,  eo  far,  of  this  method. 

The  next  question  to  be  considered  is,  what  use  should  be  made  of 
these  vftrioxw  measurps  of  thn  light  cf  the  fltara?  The  most  obvious 
application  of  them  is  tn  variable  stara.  While  the  greater  portion  of 
the  stars  undei^  no  changes  in  light  that  are  perceptible,  se^'eral 
hundreil  have  been  found  whose  light  changCH.  A  natural  clasnifica- 
tion  swnifi  to  be  that  proposed  by  the  >vTiler  iu  1880.  A  few  stan  ap- 
pear suddenly,  and  arc  colled  new  stars,  or  novtc.  They  form  Class  I. 
Class  II  consists  of  slam  whieh  vary  by  a  large  amount  during  periods 
of  severnl  months.  They  are  known  as  variable  stare  of  long  period. 
Class  III  contains  stars  whose  variations  are  small  and  Irregular. 
Class  IV'  rontains  the  variable  »tans  of  short  pericHi,  and  Claax  V  thr 
Algol  variabliv),  which  arc  usually  of  full  brightness,  hut  at  regular 
intervals  grow  faint,  owing  to  the  interposition  of  a  dark  companion. 
Twenty  years  ago,  when  photography  was  first  applied  t«  the  discov- 
ery of  variable  stare,  only  about  two  hundred  and  fifty  of  these  objects 
were  known.  Since  then,  three  remarkable  discovcriee  have  been 
made,  by  means  of  which  their  number  has  been  greatly  increased. 
The  first  was  by  Mrs.  Fleming,  who,  in  studying  the  photographs  of 
the  Henry  Draper  Memorial,  found  that  the  ataia  of  the  third  type, 
in  which  the  hydrogen  lines  arc  bright,  arc  variables  of  long  period. 
From  this  property  she  has  discovered  128  new  vnriables,  and  has  also 
shown  how  they  may  bo  clarified  from  their  spectra.  The  differ- 
ences between  the  first,  second,  and  third  types  of  spectra  are  not  eo 
great  as  those  between  the  spectra  of  different  variables  of  long 
period.  The  second  discovery  is  that  of  Professor  Bailey,  who  found 
that  certain  globular  clusters  contain  large  numbers  of  v&nable  stare 
of  short  period.  He  has  discovered  &09  new  variables,  396  of  them 
in  four  clusiera.  Tlie  third  discovery,  made  by  Professor  Wolf  of 
Heidc^lberg,  that  variables  occur  in  large  nebute,  has  led  to  his  diB> 
covery  of  65  variables.  By  similar  work.  Miss  Jjeavitt  has  found  295 
new  variables.  The  total  number  of  variable  stars  discovered  by 
photography  during  the  last  fifteen  years  is  probably  five  times  tlie 
entire  number  found  visually  up  to  the  present  time.  Hundreds  of 
thousands  of  photometric  measures  will  be  required  to  detennine 
tVie  light-curves,  periods,  and  laws  regulating  the  changes  these 
objects  undergo. 

A  far  more  comprehensive  problem,  and  perhaps  the  greatest  io 
astronomy,  is  that  of  the  distribution  of  the  stars,  and  the  constitu- 
tion of  the  stellar  universe.  No  one  can  look  at  the  heavens,  and  see 
such  clusters  as  the  Pleiades,  Hyades,  and  Cotna  Berenioes,  without 
being  convinced  that  the  distribution  is  not  due  to  chance.  This  view 
is  strengtlicned  by  the  clxiaters  and  douUes  seen  in  even  a  small  ttde- 
scope.   We  also  see  at  once  that  the  stant  must  be  of  dtlTcrcnt  sizes. 
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and  that  the  faint  stars  are  not  neceee&rily  the  most  distant.  If  the 
iiuml>er  of  stats  were  infinite,  and  ditjtributed  according  to  tho  I»ws  of 
rhance  tfarougliaut  inllmtL>  and  <>nipty  space,  the  background  of  the 
sky  would  be  as  bright  aa  the  surface  of  the  sun.  This  is  far  from 
beini;  the  caae.  While  we  can  thus  draw  general  conclusions,  but  little 
definite  iDfumialion  can  be  obtained,  without  accurate  quantitative 
measures,  and  this  is  one  of  the  greatest  objects  of  stellar  photometry. 
If  we  consider  two  apheren,  with  the  HUn  as  the  common  centre,  and 
one  having  ten  times  the  radina  of  the  oih«r,  the  volume  of  Ihu  first 
will  be  one  thousand  times  as  great  as  that  of  the  second.  It  will, 
therefore,  contain  a  thouMaod  tinaea  aa  many  stars.  But  the  most  dis- 
tant stars  ui  the  first  sphere  would  be  ten  times  as  far  off  ha  those 
in  the  second  sphere,  and  aeoordingly  if  equally  bright  would  appear 
to  have  only  one  one-hundredth  part  of  the  apparent  brightness.  Ex- 
pressed in  stellar  magnitudes,  they  would  be  fivn  iiiagnitud«'a  fainter. 
In  reality,  the  total  numh^-r  of  stars  of  the  fifth  magnitude  and 
WiEhtrr  is  about  1500,  of  the  tt-nth  maRnitude,  373,000,  instead  of 
1.500,000.  as  we  ehould  expect,  A>i  absorbing  medium  in  space,  which 
would  dim  the  light  of  the  more  distant  stars,  is  a  possible  explana- 
tion, but  this  hj-pothcsis  does  not  agree  with  the  actual  figures.  An 
examination  of  the  number  of  adjacent  stars  shows  that  it  is  far  in 
excess  of  what  would  be  expected  if  the  stare  were  distributt-d  by 
chance.  Of  the  three  thousand  iloublc  stars  in  the  Men.surffi  Micro- 
metrics,  the  number  of  Htars  optically  doiib[c,  or  of  those  which  hop- 
pen  to  be  in  line,  acconiine  la  the  theory  of  probabilities,  is  only 
about  forty.  This  fact  should  be  recognized  in  any  conclusions  re- 
garding the  motions  of  the  fixed  stars,  based  upon  measures  of  their 
position  with  regard  to  adjacent  bright  Btnrs. 

We  have  here  neglected  all  conclusions  based  upon  the  difference 
in  composition  of  different  stars.  Photographs  of  their  spt-ctra  fur- 
nish the  material  for  studying  thin  problem  in  detail.  About  half  of 
the  stare  have  spectra  in  which  the  broad  hydrogen  lines  arc  the  dis- 
tinguishing feature.  They  are  of  the  first  type,  and  belong  to  Cia-ss  A 
of  the  classification  of  the  Henry  Draper  Memorial.  The  Milky  Way 
coDBists  so  complet^ely  of  such  starsj  that  if  they  were  removed,  it 
would  not  be  visible.  The  Orion  stars,  forming  Class  B,  a  subdivision 
of  the  first  type  in  which  thf  lines  of  helium  are  present,  are  Htill  more 
markedly  concentrated  in  the  Milky  Way.  A  large  part  of  the  other 
store,  fonning  one  third  of  the  whole,  hove  spectra  closely  resembling 
that  of  the  sun.  They  arc  of  the  second  lype,  and  form  ctnsaes  G  and 
K.  Theee  stars  are  distributed  nearly  uniformly  in  ali  part.s  of  the 
iky.  Class  M,  the  third  type,  follows  the  same  law.  Class  F,  whose 
spertnim  is  intermediate  between  cla.ssea  A  and  G.  follows  the  same 
law  of  distribution  as  ciosnes  G  and  K,  but  differs  fmm  them,  if  at  all, 
m  the  opposite  direction  from  Class  A,   There  therefore  accm  to  be 
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actually  fewer  of  these  stars  in  the  Milky  Way  than  outaide  of  it. 
One  class  of  stars,  the  fifth  type,  Class  O,  has  a  very  remarkable 
spectrum  and  distribution.  A  large  part  of  the  light  is  monochromatic. 
Of  the  ninety-six  stars  of  this  type  so  far  diBcovered,  twenty-one  are 
in  the  large  Magellanic  Cloud,  one  in  the  Small  Magellanic  Cloud,  and 
the  remainder  follow  the  central  line  of  the  Milky  Way  so  closely, 
that  the  average  distance  from  it  is  only  two  degrees.  All  of  these 
stars,  with  the  exception  of  sixteen,  have  been  found  by  means  of  the 
Henry  Draper  Memorial. 

It  will  be  seen  from  the  above  discussion,  that  stellar  photometry 
in  its  broadest  sense  furnishes  the  means  of  attacking,  and  perhaps  of 
solving,  the  greatest  problem  presented  to  the  mind  of  man,  the  struc- 
ture and  constitution  of  the  stellar  universe,  of  which  the  solar  sys- 
tem itself  is  but  a  minute  and  insignificant  molecule. 
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Beur^ngklriner  PUmtt&n  de*  Hecuba-Tyjnu;  and  numerotu  Other  noted  works 
and  nwmoirs  on  astituiomy.] 

TiiK  development  of  celestial  mechanics  during  the  nineteenth 
century  is  such  n  comprehenmve  iheirtp  that  a  fundanientul  treut- 
Dient  of  it  within  the  timitn  of  un  iiddrens  of  half  an  hour  or  so  ciui- 
not  be  thouKbt  of.  I  &m  therefore  limit«d  to  the  presentation  of  the 
principnl  phiisos  of  the  subject,  iind  of  course  in  doing  so,  by  renson 
of  the  ncceesarj'  nrbitr&rinesB  of  choiec,  may  not  meet  the  approval 
of  this  distinguished  assembly. 

I  wilt  first  consider  the  development  of  celestial  mechanics  in  so 
far  as  it  concetns  the  motions  of  the  planets. 

The  nineteenth  century  received  a  great  inheritance  from  the 
eighteenth.  With  the  five  undying  names  of  Euler,  Clairaut,  d'AIem- 
bert,  Lagrange,  and  LapIaL-e  are  linked  theoretical  discoverieK  which 
upon  the  basis  of  Newton's  Uw  explained  all  tlie  motions  of  the 
pUuets,  gatelUtes.  and  cornets  in  so  far  aa  they  were  furnished  by 
the  observations  of  tfiat  time.  Was  this  inheritance  so  utilized 
during  the  past  century,  thai  at  the  end  of  the  same  the  I'esults  of 
observation  may  be  considered  explained  by  theory?  The  following 
discussion  will  give  the  answer. 

Laplace's  M^anique  CiUste  gives  as  it  were  a  summing-up  of  the 
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development  of  celestial  mechajiic»  during  the  eighteenth  ceatur}' 
and  furnishes  at  the  same  time  the  stiirting-point  for  the  researches 
of  the  nineteenth.  We  recupitulutc,  therefore,  same  of  the  principal 
points  of  the  suae  in  orticr  thul  the  disciissiun  nifty  be  more  easily 
understood.  The  coordinates  and  the  elements  uf  the  planets  and 
satellites  were  expressed  in  series  containing:  (1)  periodic  terms 
(sines  and  eosincs  of  multiples  of  the  mean  and  true  longitudes); 
(2)  non-periodic  terms  inx'olving  powers  of  the  time.  i.  c,  the  so- 
cHlle<i  secular  terms;  (3)  semi-secular  terms,  that  is,  products  of  the 
time  or  the  unj^le  into  sine  and  cosine  functions;  the  development 
bcioK  made  in  powers  of  the  eccentricities  and  incliniition.1  con- 
i^idcred  t\s  small  quantities.  The  appearance  of  the  time  or  the  angle 
explicitly,  outside  the  sine  and  cu^ue  functions,  was  considered, 
at  least  in  part,  both  by  Laplace  and  Lngrange  as  the  result  of 
incomplete  operatjons.  But  on  the  other  hand,  from  (he  Ktandpoinl 
of  astronomy,  it  was  considered  entirely  useless  to  complicate  the 
expceasioiis  by  introducing  trigonometrical  series  in  place  of  angles. 
The  «oiutMit«  of  integration,  t.  e..  the  elements,  were  determined 
numerically  for  each  of  the  planets  then  known,  and  the  numerical 
values  of  the  c«effi<'ientJ!  of  the  individual  terms  of  the  series  were 
derived  therefrom.  U  was  then  sutTirient  in  most  cases  to  conadcr 
only  the  lowest  powers  of  llic  eccentricities  in  order  to  obtain  the 
places  of  the  planets  with  an  acruracy  corrcsjKfnding  with  that  of 
the  observations.  An  u  result  oatronomcrs  wctc  enabled  to  explain 
all  the  obsen'cd  inequalities;  for  example,  the  great  inequality  in 
the  motions  of  Jupiter  and  Saturn,  the  inequality  in  the  motion  of 
Jupiter's  satellites  di.scovered  by  Wargentin,  ele.  With  the  aid 
of  his  epoch-making  thenry  nf  the  variation  of  constjinis.  Lagrange 
proved  the  famous  theory  that  the  expression  for  the  major  axis 
contains  only  pRriodic  terms,  whrn  powers  nf  the  mass  higher  than 
the  first  arc  ncRlccted.  Both  Lafirangc  and  Laplace  had  found  thai 
in  the  first  approximation  the  ep("entricitic3  and  inolinations  may 
l)e  considered  as  long-period  functions  of  the  time.  Through  thi> 
researches  of  Laplace  the  theory  of  the  moon,  the  motion  of  the 
earth  about  its  centre  of  |!Tftvity,  and  the  theory  of  the  figures  of 
the  planets,  were  so  developed  as  completely  to  satisfy  the  corre- 
sponding observations. 

These  brief  statements  of  some  of  the  principal  points  may  Iw 
suflicient. 

The  nineteenth  century  was  introduced  by  two  researrhe*  nf 
Poissou  of  remarkable  value  to  celestial  mechanics.  One  was  the 
extension  of  Lagrange's  theory  in  regard  to  the  major  axis  to  the 
second  power  of  the  mass;  the  other  and  far  more  important  was 
hU  classic  theory  of  the  motion  of  the  earth  about  \la  centre  of 
gravity,  which  was  built  up  by  the. aid  of  the  method  of  the  varis- 
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tion  of  constants,  There  was  then  for  a  time  a  pause  in  the  develop- 
ment of  the  Iheoriefl  of  the  majcir  planets. 

Tlie  transition  to  the  new  century  was,  however,  maikeU  by  tlie 
heglnning  of  a  series  of  disroverieit  which  are  lo-day  still  being 
c&rried  forward,  and  which  in  one  direftion  have  exerted  an  im- 
portant influence  in  the  development  of  celestial  merh&nics.  I  refer 
to  the  discovery  of  the  small  planets.  Laying  aside  the  numerical 
catetilstion  nf  specini  perturbations,  which  has  bi>en  developed  to 
a  high  degree  uf  refinement,  the  perturbation  problem  will  be  con- 
udered  here  in  the  »eiixe  in  whieh  it  was  brought  over  from  the 
preceding  century.  Th<;  inltrpolation  formula;  which  the  special 
perturbations  oiler  can  permit  t)nly  an  extremely  incomplete  insight 
into  the  nature  of  the  motion.  To  be  sure,  the  Kuneral  perturbation 
formula;  in  the  form  Riven  by  Laplace  are  also  to  he  considered 
merely  tut  inlerpnlation  formula?,  since  they  hold  for  only  a  limited 
time,  practically  nnthing  being  known  in  regiird  to  the  absolute  con- 
^vergcnceof  the  series  of  secular  term-s.  We  sh;i]]  fii-st  of  all  follow 
(h(!  important  investigations  which  have  been  made  for  the  purpow 
of  repretfentine  the  motion  of  a  nmall  planet  by  meauH  nf  ifencrul 
perturbation  formulae  in  the  sense  spoken  of. 

In  addition  to  the  Tke<ma  Afctvs  Corjtorum  Voeltslium.  which, 
for  apparent  reasoDB.  does  not  here  come  under  consideration,  Gauss 
busied  himself  with  tlie  tlieory  of  the  minor  planets,  by  making 
extended  investigations  on  the  perturbatiouu  of  Pallas.  He  did  not 
Ining  hia  work  to  a  conclusion,  and  thus  it  has  remained  without 
further  significance.  The  priKe  problem  given  by  the  Paris  Academy 
in  1804,  and  repeated  in  following  years,  led  in  1812  to  the  memoirs 
of  Burkhart  and  Binet  whiflh,  hoft-ever,  inspired  no  further  contri- 
butions to  the  solution  nf  (he  problem  nf  ihe  jwrturbatiima  of  the 
small  planets.  Meanwhile  an  interenting  comet  was  discovered  in 
I8I8  by  PonB  of  Marseilles,  whose  orbit  was  computed  by  Encke. 
and  which  was  on  that  account  called  Enckc's  c<imet.  The  aphelion 
of  the  comet  lies  within  the  orbit  of  Jupiter.  Ihc  eccentricity  is  far 
greater  than  that  of  any  of  the  hitherto  known  planetar>-  orbits, 
and  the  inclination  amounts  to  12°.  If  the  fdrmuhe  rould  S>e  found 
which  represent  the  motion  of  this  ooniet.  the  question  in  reference 
to  the  small  planets  would  also  be  solved.  It  was,  however,  not 
,  merely  from  lliie  point  of  view  that  Hansen  set  himself  the  prtiblem 
'  of  obtaining  such  fonnula*.  He  doubted,  in  fact,  the  correctness  of 
the  comet's  acceleration  found  by  Encke.  and  hoped  by  means  of 
general  formula*  to  be  able  to  settle  that  question.  On  the  baais 
of  tlie  differential  equation*!  given  in  the  Fnndamenta  Theoria  Or- 
hitis  quam  perluslrat  Luna.  Haniien  developed  formula  for  the  per- 
turbations of  the  loKJtritlim  of  the  radius  vector,  of  the  time,  and  of 
Uic  sine  uf  the  lulitudo.     The  eseentiul  difference  from  Laplace's 
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lhcor>'  eooBists  in  the  fact  tbut  Hansen  employs  arguments  contmn- 
ing  multiples  of  the  eccentric;  anomaly  of  the  comet,  of  the  mean 
aiioiTiMly  of  the  diHturbing  boily.  To  a.  given  finite  power  of  the  ratio 
of  the  two  semi-major  axen  there  thus  belnngH  a  double  series,  which. 
with  reference  to  the  dJiiturbing  hoiiy,  is  an  infinite  scries  of  powers 
of  the  eocentricity.  but  with  rrfcnmcc  to  Ujc  disturbed  biMly  is  a 
finite  ncricH,  This  theory  UunMcn  pubtitdied  shortly  uft«r  1S3U  under 
the  title  of  StOrun^n  in  Kllipfcn  von  groastr  ExceniricH6t,  and  at 
the  same  time  made  an  attempt  to  obtain  the  general  perturba- 
tions of  Encke's  comet  prodttced  by  Saturn.  Although  the  com- 
putations were  not  brought  to  a  definite  close,  still  it  cannot  be 
doubted  that  his  method  is  useful  for  this  ctise.  As  the  perturbations 
by  Jupiter  are  far  more  important,  both  with  reference  to  Enckc'a 
comet  and  to  tho  small  planetu,  and  cannot  be  obtained  by  this 
method,  H&neen's  work  cannot  be  considered  as  satlsfnetor^',  but 
rather  as  a  failure,  at  least  with  reference  to  Kncke's  comet.  He, 
therefore,  attacked  the  problem  from  an  entirely  different  stand- 
point, and  devised  the  ao-called  partition  method,  which  he  pub- 
lished in  his  Paris  prize  memoir,  together  with  an  applicalion  to 
the  perturbations  produced  on  Encke'a  comet  by  the  planet  Jupi- 
ter. This  example  waa  also  not  carried  to  an  end,  evidently  for  the 
simple  reason  that  this  was  practically  impoasible,  and  thus  we  eee 
that  this  method  also  waa  unable  to  solve  the  problem. 

After  hin  unKUtL-eaaful  effort  to  obtain  general  perturbations  (or 
8uch  eccentric  orbits  as  that  of  Unckc'a  cornel,  Hansen  turned  his  at- 
tention especially  to  the  small  planet*,  and  by  a  further  development 
of  the  method  given  in  liis  first  memoir  succeeded  in  giving  formulie 
by  means  of  which  he  wan  enabled  to  represent  the  motion  of  the 
planet  Egeria,  at  least  for  the  time  embraced  by  the  oKter^'ations 
at  hiti  disposal.  Unfortunately  in  this,  as  in  the  cane  of  so  many 
oUier  small  planets,  theory  and  ohser\'ation  deviated  more  and 
more  tlie  more  distant  the  latter  lay  from  the  epoch  of  the  former, 
so  that  after  about  fifty  years,  hJs  tables  no  longer  satisfactorily 
represent  the  obfucrvations.  Later  several  of  Hansen's  pupils.  1*C9- 
ser,  Blecker,  and  others,  computed  the  general  perturbations  of 
some  of  the  small  planels.  The  most  prominent  of  Hansen's  pupils. 
Gyld£n,  again  took  up  Hansen's  partition  method  and  substituted  the 
mean  anomaly  of  the  planet  and  the  partial  anomaly  of  the  comet 
by  means  of  elliptic  integrals,  and  thus  obtained  u  much  greater 
convergence  in  the  d<:vclopment  of  the  porturbative  function.  In 
the  determination  of  the  constants  of  integration,  the  old  diffienlties 
reappeared,  so  that  taken  as  a  whole  no  success  appears  to  have  been 
gained,  (!yld(^n  sought  further,  by  means  of  a  skillful  combination 
of  Hansen's  partition  method  with  a  special  development  of  series,  to 
obtain  a  simpler  method  for  the  computation  of  the  perturbatioas< 
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uf  the  small  planets.  Meanwhile  all  the  calculationB  mode  in  this 
ilepartmenl  of  celestial  mechanics  soon  showeil  that  the  path  laid 
out  hy  IlnnKen  does  not  lend  tu  the  abject  desired.  Above  all,  with- 
out an  immense  expenditure  of  time  and  labor  no  truiilworthy  re- 
sults can  be  obtained  for  planctji  that  occur  in  the  neighborhood 
of  the  scMiallod  gaps,  for  which  the  terms  vi  limg  period  cannot  be 
accurately  determined;  and  bcaidce,  in  tliiB  case,  the  couvcrf^nccH 
of  the  secular  tcmirt  arc  much  slower.  All  attempts  in  this  dircctioD 
lead  only  to  the  result  that  at  best  we  may  obtain  in  this  way 
approximate  perturbation  formulie  which  for  a  considerable  time  will 
guarantee  the  rediscovery  of  the  planet,  without  claiming  to  represent 
the  observatinns. 

The  circumstance  that  a  lor^e  portion  of  the  small  planets  occur 
in  the  neipihborhood  of  the  eo-callcd  Rape,  thus  cAUitinj^  such  an 
increase  in  the  perturbations  that  after  a  relatively  ehort  time  those 
can  no  longer  be  considered  aa  small  quantities,  led  GyldCn  to  state 
the  question  in  the  following  manner:  "Will  it  be  possible  to  deter- 
mine the  elements  as  absolute  constants,  and  to  so  determine  the 
terms  of  long  periods  (thus  avoiding  completely  the  introduction 
of  the  time  explicitly)  that  the  intermediate  orbit  thus  obtained 
shall  remain  included  within  definite  limits,  and  only  differ  from  the 
real  orbit  by  quantities  of  the  order  of  the  masses  of  the  planets?" 
This  queatlun  includes  the  question  of  stability,  and  the  principal 
problem  thus  consists  in  proving  tlie  convergence  of  the  long-period 
series.  Cyld^n  believed  that  he  could  establish  the  convergence  by 
means  of  what  he  called  the  horistic  method.  Poiiicar^,  however, 
disputes  the  correctness  of  this  method.  On  this  assumption  Gyl- 
d^n's  theory  would  be  merely  an  hypotheais.  Even  if  the  method  is 
correct,  it  is  applicable  only  with  reference  to  a  limited  number  of 
small  planets,  as  it  Ia  based  upon  the  development  in  powers  of  tlie 
eccentricities  and  inclinations  of  the  disturbing  and  disturbed  planets. 
Ucro  we  stand,  su  far  as  this  queatioD  is  concerned,  at  the  cud  of 
the  niDCtcenth  centur)-.  Upon  the  problem  presented  at  the  begin- 
ning of  the  century  much  skill  and  labor  has  been  spent;  a  satis- 
factory solution  hao  not,  however,  tieen  reached. 

If  DOW  we  turn  to  the  larger  planeta.  a  more  gratifying  picture 
presents  ittclf.  Here  we  hnd  at  the  end  of  a  century  a  work  well 
completed;  taking  it  all  in  all,  theory  has  in  this  ca^c  mastered 
quite  satisfactorily  the  centuo''a  immensely  rich  and  abundant  ob- 
servations. 

Not  only  the  ntimber  uf  obftervations  made  during  the  Brst  half 
of  the  century,  but  stilt  more  their  epoch-making  prectsioo,  which 
is  linked  with  the  names  of  Bessel  and  Struve,  soon  showed  that  the 
numerical  formulie  of  Laplace  were  not  sufficient  to  satisfy  the 
increiunngly  accurate  obscr\-a(ioDa.    In  individual  cases,  it  la  true, 
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the  existing  tobies  of  motion  were  replaced  by  more  accurate  oi 
as,  for  cxnmple,  Hansen's  and  Olufson's  tables  of  the  sun,  etc.,  and 
Hansen  began  a  new  theory  of  the  motions  ni  Venutt  tind  Saturn, 
which  be  published  in  hm  Berlin  prize  memoim.  Xothing,  however, 
forming  ii  cnngruouH  whole  was  at  this  time  accomplished.  The 
uncertainty  of  the  unlronomicol  conuinnte,  the  inconsistency  between 
the  different  determinations  of  them,  the  need  of  a  mora  accurate  ' 
knowledge  of  the  masses  of  the  large  pistiets  for  the  investigation  of 
the  motions  of  the  small  planets  ami  comets,  the  especially  unsatis- 
factory  theory  of  the  planet  Uranus,  all  thetie  urged  investigators 
to  a  thorough  reviaon  of  the  theory  of  the  large  planets.  At  this 
time,  at  the  opportune  moment,  appeared  the  astronomical  giant. 
Leverrier.  He  waa  already  known  to  the  aatronomical  world  by  his 
work  on  the  secular  variations  of  the  orbits  of  the  inner  planets, 
published  in  the  year  1839,  when  by  hie  wonderful  investigations 
on  the  motion  of  the  planet  Uranus  he  not  only  estublishod  the  exist- 
ence of  an  outer  planet,  but  also  gave  its  position  so  accurately  tbat 
it  was  only  necessary  to  direct  the  telescope  to  this  point  of  tlie 
heavens  in  order  to  find  it.  In  connection  with  the  discovery  of  the 
planet  Neptune,  which  furnishes  one  of  the  most  brilliant  chapters 
of  the  century  in  celestial  mechanics,  juetice  demands  that  we  also 
mention  with  equal  praise  the  name  of  Adams. 

Shortly  after  the  discovery  of  Neptune,  Leverrier  began  the  colos- 
sal work  of  the  revision  of  the  planetary  system,  which  he  was  enabled 
to  bring  to  a  conclusion.  Leverrier  plaimed  his  work  clearly  and 
systemati rally,  and  clearly  and  Bystcniaticiilly  carried  it  out.  La- 
grange's method  of  the  variation  of  constants  proved  its  power  in 
the  moat  splendid  manner.  Mathematician  and  astronomer,  Jjcvet- 
rier  gave  in  a  peculiarly  harmonious  combinatiim  only  the  neoessnry 
formulie  and  thene  in  the  simplest  manner,  and  so  arranged  the  astro* 
nomical  mHterial  as  most  completely  to  suit  his  problem.  I  am  con- 
vinced that,  no  matter  how  many  new  revisions  may  bo  neceasary' 
Lcvcrripr'a  Annaiea  de  VOhiervaloire  de  Paris  will  never  be  forgotten. 

The  theory'  of  the  inner  planets  was  completed  at  the  end  of  the 
sixties,  whence  new  and  much-needed  values  of  the  masses  of  the 
planets  Mercury  and  Venus,  as  well  as  of  the  solar  parallax,  were 
obtained.  .As  a  result  of  this  investigation  it  was  discovered  ihnt  the 
iDotionof  the  line  of  apsides  of  the  plaoetMen-ur)- was  not  represented 
satisfactorily  by  the  theory,  whence  leverrier  aewumed  the  exist- 
ence of  an  unknown  intra-Mercurial  planet  as  the  cause  of  the  per- 
turbations. 

What  disappointment  Leverrier  met  at  that  time  is  well  known ,  but 
it  is  also  well  known  thnt  nothing  could  turn  him  from  his  devotion 
to  the  great  problem,  nothing  could  bend  the  force  of  his  great  genius. 
Even  aft«r  his  flight  from  Paris  a  lead  pencil  and  &  copy  of  logarithm 
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tables  furnished  a  sufficient  means  for  carrying  on  the  theory  of 
Jupiter.  The  work  was  completed  not  long  before  his  death,  and 
science  possefiscd  a  theory  of  the  motiun  of  that  great  planet  carried 
out  in  a  remarkably  homogeoeoua  manner;  even  the  theory  of 
Saturn,  after  a  few  additional  computations  by  Gaillot,  could  be 
considered  satisfactory. 

In  spit*  of  the  advances  which  Leverrier's  work  shows,  astronomy 
needed  another  giant  to  reach  the  standpoint  which  it  has  gained 
during  the  last  century ;  the  name  of  this  giant  is  Newcomb.  A  cotoB* 
6a)  conscious  force,  the  most  comprehensive  theoretii?  knowledgOj  an 
acquaintance  with  obser%'ing  inatenHl  and  its  8ignifir»nee  extending 
to  the  smallest  details,  were  necessary  coiiditiand  for  the  uudertuking, 
immediately  after  Levenier,  of  a  revision  of  the  plunctoiy  theory. 
During  the  last  half  of  the  century  a  mass  of  obsurvations.  rich  in 
quantity  and  quality,  had  been  gathered,  wliich  Leverrier  had  been 
unable  to  use;  moreover,  additional  determinations  of  certain  astro- 
nomical constants  gave  values,  which,  in  consideration  of  the  great  ac- 
curacy now  demanded,  it  was  necessary'  to  take  account  of  in  place  of 
those  employed  by  J.everrier.  Newromb's  f^reat  aim  was  to  obtain  a 
s>*stcmof  aatronomicul  constuntaand  elements  of  motion  which  should 
be  as  unified  as  possible,  and  should  correspond  with  the  progress 
made  in  the  art  of  observing.  The  theories  of  the  planets  Ncptuno 
and  Uranus  which  Ncwcomb  published  about  1870,  hut  above  all 
his  Catalcffue  of  Fundamentnl  Stora,  seemed  to  be  precursors  of 
the  j4«(ronofntco7  Papers  prepared  for  the  use  of  the  American 
Epkemeris  and  Novtical  Almanac.  The  catalogue  mentioned  is 
especially  important,  nince  it  forms,  in  a  certain  sense,  an  epoch  in 
the  systematic  treatment  of  observations,  and  the  preparation  of 
them  for  the  sen'ice  of  theory.  What  Newcomb  did  for  the  right 
ascensions,  Boss  has  done  for  the  declinations.  lu  the  Attronomieal 
Papers  we  find,  then,  gumma  scientia  asirovomica,  in  all  questions 
that  refer  to  the  solution  of  the  problem  under  discussion.  The  devel- 
opments of  the  theories  of  the  planets,  while  in  agreement  with  the 
general  fundamental  principles  of  celestial  meclmnice,  are  especially 
adapted  to  the  individual  coses,  varying  in  method  as  the  problems 
demand,  and  are  always  so  explained  as  to  keep  clearly  in  view  the 
object  to  be  attained.  In  this  work,  beside  the  name  of  Newconib 
shines  that  of  the  great  mathematician.  Hill,  who  has  made  avail- 
able for  the  advancement  of  astronomical  research  the  almost  for> 
gotten  treasures  of  the  immortal  Gauiw,  and  was  the  first  to  apply 
successfully  Hansen's  method  to  the  computation  of  the  mutual 
perturbations  of  Jupiter  and  Saturn.  The  nstronomical  papers  are 
thus  valuable,  not  only  on  account  of  the  results  themselves,  but  also 
by  reason  of  the  methods  by  means  of  which  tliese  were  attained; 
that  is,  in  other  words,  these  papers  have  brought  celestial  mechanics. 
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both  in  form  and  content,  to  a  deBnitcty  higlier  plane.  NcwcomVs 
little  book,  Atironomical  CorataniB,  gives  in  concise  nnd  clear  form 
8  birds-eye  view  of  the  resiiH-t  of  this  work.  Newcomb  has  feueoeeded 
in  attaining  essentially  what  he  started  to  attain;  he  has  contributed 
to  Kience  a  honingetieou«  system  oF  the  funJamentnl  constants  of 
astroDomy;  to  his  energy,  almost  bordering  on  the  wonderfal,  we 
are  indebted  for  the  realization  of  the  moat  valuable  rosnita  at  present 
attainable  from  modom  obserratiODS-  This  view  was  expreaaed  by 
the  Paris  Congress  of  1896,  wbenitneecptedNcwcomb'a  system  almoit 
UQcbauged;  and  if  it  were  to  assemble  agun  to-day  it  would  certainly 
oorreot  a  small  error  which  it  committed.  The  determinRtion  of  the 
preoeaaion  conntimt  by  means  of  the  stars,  which  remained  to  be  ac- 
complished, as  wet)  afi  the  formation  of  the  fundamental  catalogue  of 
etars,  was  delegated  to  him  and  was  practically  accepted  in  advance, 
an  evidence  of  the  unUmited  trust  in  the  authority  of  Newcomb. 

Among  the  improved  values  of  the  masses  which  result  from  New- 
comb's  theory.  I  should  like  to  call  especial  attention  to  the  mass 
of  the  planet  Mercury,  which  is  30  to  40  per  cent  smaller  than  that 
obtained  by  l/everrier.  On  account  of  the  smallness  of  the  coefficient 
of  the  mass  in  the  equationa  of  condition,  this  is  very  difHcult  to 
obtain.  Kow,  however,  it  has  been  obtained  in  another  manner  and 
independently,  whence  it  arises  that  it  may  be  considered  as  correct 
within  ita  probable  error ;  this  proves  again  the  rigor  with  which  tJie 
calculations  in  the  Aitronomical  Papers  have  been  carried  out.  The 
motion  of  the  line  of  apsides  of  the  planet  Mercury,  not  explained 
by  theory,  which  was  discovered  by  Leverrier,  is  confirmed  by  New- 
comb. The  explanation  of  this  motion  will  have  to  wait  for  further 
astrnnomical  discovery. 

One  of  the  most  beautiful  discoveries  of  the  century  was  that  of 
the  satellites  of  Mars.  The  new  problem  in  celestial  mechanics  arising 
therefrom  was  solved  by  the  discoverer.  The  fifth  satcUit*  of  Jupiter, 
which  WHS  added  to  science  by  the  dlstinguialied  observer.  Professor 
Barnard,  has  added  another  ver>'  important  theoretical  problem.  li 
we  glance  now  over  wh&t  has  been  presented,  it  rannnt  be  denied 
that  celei^ial  mechanics,  during  the  past  century,  especially  with 
reference  Co  the  motions  of  the  major  planets,  has  essentially  kept 
pace  with  tlic  results  of  observation,  and  that  as  a  wbolo  it  satisBes 
the  enormously  improved  methods  of  observing.  The  lost  thirty 
years  of  the  past  century  belong,  in  this  respect,  to  America,  and 
I  believe  that  every  Kirnipean  astronomer  will  agree  with  me  that 
they  are  also  the  most  important. 

The  progress  made  in  the  field  of  lunar  theory  hat;  not  been  men- 
tioned. To  do  this,  however.  I  stiould  have  to  explain  the  works  of 
Poisson,  Plana,  Hani^n,  Dcluunay,  Newcomb,  Adams,  Tisaerand, 
Hill,  and  many  others,  which  would  require  an  address  at  least  as 
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extended  as  the  present.  I  limit  myself,  therefore,  to  reminding  you 
that  the  lunar  theory  offers  yet  unsolved  problems  to  the  theoretical 
astronumer,  iu  spile  u(  the  splendid  resulttt  of  the  savants  nacued, 
and  in  spite  of  the  fact  that  Newcumb  haa  succeeded  in  improving 
Hansen's  Lunar  Tublea,  and  that  at  prc^nt  these  represent  the 
obecrv&ttooa  well. 

1  hftve  purposely  omitted  tbc  namca  of  Jacobi  and  Hamilton,  so 
well  known  in  celeatiai  mechanics,  whose  theories  have  received 
further  development  and  application  from  Delaunay,  Tisecrnnd,  and 
Bill,  and  have  nerved  Pomcftr^  as  a  start  ing-point  for  his  remarkable 
theories,  beginning  with  his  Wautiful  Prize  Memoir  and  continuing 
through  the  MModts  NouvelU4  dc  la  Mfcaniqiu  C6lette,  etc.  T  do 
not  feel  justified  in  exprctwng  myself  with  reference  to  the  value 
aod  meaniDfC  of  t^s  last  work,  for  the  simple  reason  that  I  am  not 
mathemsticaliy  competent  to  do  so.  That  Hill's  and  Poincar^S's 
theories  introduce  a  new  epoch,  whose  fruits  the  twentieth  century 
will  hiwrest,  there  (leems  to  exist  no  doubt. 

ThenineLeenth  century  has  added  anew  chapter  tn  celestial  mechan- 
ics, tile  theory*  of  meteors  and  comets  in  their  relation  to  one  another. 
We  owe  to  the  clover  rcsearcbce  of  Schiaparelli,  Newcomb,  Brcdichin, 
and  others  the  remarkable  insi(;ht  obtained  into  the  motion  of  these 
small  bodies,  which  remain  mdividuaJly  invisible,  except  when  they 
penetrate  our  atmosphere  and  blaze  up,  or  become  visible  by  being 
crowded  together  in  the  form  of  comets. 
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HolUutd.8ilM»  IS:8  b.  It3ni«.v)}Jd.Molli\D(l.  1851  ^h  P.  1876.  AMsUnt  at  thv 
ObaervKtory  at  I>eiil<rn.  lN7A-;9.  Mfimtwr  of  Academy  of  ScitaieM,  AmMMvUm: 
Koj'nl  A»tn>iii)iiiical  Sncirty;  and  viuwun  olhrr  HciiMitiric  sucivtitw.  Anthoc  of 
The  Caw  Photographir  DurchmuaUrung  floccthrrwith  Director  Gill);  DttoiHia- 
ation  of  FaraUajc*  and  Proptr  Molitmt ;  Motion  of  tke  Solar  £yWcm ;  Diatri- 
bution  of  Star*  in  Spaa;  DtUrrrrtinalian  of  L^uUviIe;  Mtlfuida  o]  MMtvring  Star 
PhoUtgra-phi;  ciad  numcroua  otlicr  niLiclcs  oa  aotrottoiuy  and  matluiiDatioa.] 

Thb  remark  has  been  made  several  times  lately:  "The  ninetaeDtb 
century  has  brought  the  problem  presented  by  the  motions  in  our 
solar  system  to  a  certnio  issue.  It  will  be  the  task  of  the  twentieth 
to  attack  the  problem  of  the  arrfingement  and  rootiona  in  the  std- 
l&r  imiveree."  Science  has  put  ofitrocomers  ia  the  possesnon  of  new 
weapons  eminently  suitable  for  the  purpose: 

Photography  which  dreads  no  oum^bera. 

Spectroscopy  which  does  uot  care  for  distance. 

Is  it  possible  with  their  ud  even  now  to  make  some  plan  of  ciun- 
paign? 

That  is: 

Can  any  way  be  suggested  for  the  eolution  of  wbat  a  famous 
aslronoiner  recently  very  (^ouveniently  called  the  tidereal  problemt 

You  will  forgive  me  if,  In  trying  to  answer  this  broad  questioD, 
1  wholly  restrict  myself  to  presenting  my  own  views  on  the  matter. 
I  am  sure  that  nobody  can  appreciate  more  highly  than  I  do,  what, 
to  mention  only  a  few  of  the  most  recent  investigations,  such  men 
u  ScbiaparcUi,  Ncwcomb,  ScliRer,  Kobold,  Easton,  arc  doing,  but 
want  of  time  utterly  prevents  me  from  discuasmg  their  methods  in  io 
far  as  they  diflfer  from  my  own. 

From  an  aatrometrical  point  of  view  the  problem  in  its  simplest 
form  comes  to  this;  to  determine  for  every  individual  star  its  posi- 
tion, velocity,  and  muss. 

For  practical  reasons  wo  may  add:  its  total  quantity  of  light, 
which  in  what  follows  we  will  call  its  luminoaity,  though  we  thus 
encroach  somewhat  on  the  domain  of  astrophysics.  If  we  assume, 
a.t  there  in  ample  reason  to  do,  that  Newton's  law  holds  good  for 
the  whole  of  the  stellar  universe,  then  these  data  determine  tlie  past, 
the  present,  and  the  future  arrangement  of  the  stars  in  space. 

We  may  ealcly  assume  that  the  problem  will  never  be  completely 

solved  in  this  form;  for  the  masa  of  data,  even  if  it  could  ever  be 

obtained,  would  bo  so  overwhelming,  that  it  would  defy  any  detailed 

mathematical  treatment. 

But  what  we  may  hope  to  attain  and  for  which  I  think  we 
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evet)  DOW  data,  no  doubt  extremely  incomplete  but  still  by  do  means 
coDteniptible.  is  the  renognilion  of  the  genera!  charsctep  of  the  dia- 
tributioti  uf  these  elements,  from  which  ne  may  gel  aii  insight  into 
tbe  general  plun  of  the  system,  and.  in  due  time  some  glimpses  of  its 
bistory  past  and  future. 

Just  aa  tbi>  physiciHt  investigating  the  small  world  of  the  molecules 
of  a  gae  cannot  hope  to  folloiv  any  ona  particul&r  molecule  in  its 
motion,  but  is  still  enabled  to  draw  important  conclusions  as  soou 
as  be  has  determined  the  mean  of  the  velocities  of  all  the  molecules 
and  the  frequency  of  determined  deviations  of  tbe  individual  veloc- 
itiu  from  thiii  mean,  so  in  the  greater  world  of  the  stars  our  main 
hope  will  be  in  the  determination  of  meara  and  of  frequencin. 

What  is  the  mean  moes  of  the  starK? 

How  many  of  them  have  double,  treble  —  half,  a  third  —  that 
mean  mass;  in  other  words,  what  ia  the  frequency  of  a  given  mass? 

Are  this  mean  and  this  frequency  the  same  for  the  different  por- 
tions of  the  stellar  world?   If  not,  how  do  they  vary? 

In  the  same  way: 

lUTiat  is  the  mean  luminosity  of  the  stars?  What  the  frequency 
of  given  multiples  of  that  mean?  How  do  these  quantities  vary  with 
tbe  position  in  space? 

And  again: 

What  is  the  mean  distance  of  determined  groups  of  stars  and 
what  the  frequency  nf  dintanees  different  from  tliis  mean?  Knowing 
which  elements,  wc  shall  know  tbe  number  of  stars  per  unit  of  vol- 
ume, that  is,  the  star-density  for  this  group. 

Is  this  density  the  same  at  di^crcnt  distaiiucs  from  the  8iu7  la  H 
tbe  same  in  and  out  of  the  Milky  Way? 

And  once  more: 

What  is  the  mean  velocity  of  the  stars;  what  the  fretjuency  of  a 
determined  amount  of  velocity,  and  how  do  these  quantities  vary 
with  tbe  position? 

The  knowledge  of  all  these  elements  will  not  only  give  ua  a  general 
insight  into  the  structure  of  the  stellar  system,  but  also  of  its  change 
in  a  relatively  short  time.  Even  if,  in  the  course  of  time,  our  know- 
ledge becomes  sufficiently  complete,  it  witl  yield  a  notion  about  the 
attractive  forces  at  work  in  the  system,  from  which  again  a  conclumon 
will  be  possible  in  regard  to  its  more  remote  past  and  future. 

Looking  more  closely  at  the  difficultiea  of  the  problem,  we  find  that, 
aa  far  as  the  masses  are  concerned,  they  He  in  the  fact  that,  up  to  the 
present,  but  veiy  fev  traces  of  a  mutual  attraction  of  the  stars  have 
been  found.  But  already  spectroscopy  haa  made  n  splendid  henn- 
aing. It  has  brought  lo  light  the  fact  that  a  large  proportion  of  the 
stars  are  binaries.  Campbell  estimates  the  proportion  at  no  less  than 
a  6fth  of  the  whole.    Of  these  the  motions  in  the  visu^  line  can  \y& 
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studied.  Tbey  will  furnish  us  in  time,  not  generally  with  individual 
mosses,  but  with  a  thorough  knowledge,  both  of  the  mean  nutsaca 
:mtl  of  the  frequencies  of  determiued  deviations  from  tiiesc  meansi 
e.i  leaat  for  the  etars  of  this  class. 

The  remaining  elements  are: 

The  three  c*i«rdinateB  and  the  three  componenta  of  the  velocity. 

Of  the  nobrdinatea  two  are  known  fora  great  uuniher  of  stan,  and 
there  is  nothing  in  the  way  of  a  more  complete  knowledge  where  such 
niJiy  be  wunted. 

Of  the  third  coordinate,  the  distance,  we  know  exceedingly  little. 

Of  the  three  componcnta  of  the  velocity  we  know,  or  may  aoon 
hope  to  know,  for  great  numbers  of  stars: 

By  Bpeotroscopio  observation,  the  absolute  value  of  one  of  the 
components; 

By  the  classical  astronomical  observations  ancient  and  modern, 
the  two  others  expressed  in  air. 

Here,  too,  our  data,  to  be  complete,  require  the  knowledge  of  the 
distances.  So  at  the  bottom  of  all  lies  the  difficulty  of  the  detcnuina- 
tion  of  the  distances. 

This  has  long  been  felt,  and  endeavors  have  not  been  wanting  to 
remedy  the  defect. 

By  these  endeavors  it  has  become  evident  that,  save  in  exceptional 
cafes,  these  determinations  are  beyond  our  power. 

Astronomers  looked  out,  therefore,  for  such  exceptional  cAsee,  and 
nearly  exclusively  concentrated  their  effort  on  these.  There  will  be. 
however,  little  to  encourage  us  to  go  on  in  this  way,  as  soon  as  the 
parallaxes  of  a  few  hundreds  of  the  most  promising  objects  (stars  of 
excessive  brightness  or  pruiter  motion)  shaJI  have  been  satisfactorily 
determined.  Not  only  will  the  must  exceptional  and  really  promis- 
ing objects  be  exhausted  to  a  great  extent,  but  wc  must  not  forget. 
moreover,  that  the  knowledge  of  the  distance  of  such  selected  objects 
«ill  directly  but  little  further  our  insight  into  the  general  structure 
of  the  s\'«tem.  Just  because  they  are  aeirded  objiM^ts  they  will  not 
be  reprcsetrtative  of  the  whole.  What  other  way  remains  open? 

The  difliculty  depi-nds  Kvidently  on  the  sniallness  of  the  parallaxes, 
in  other  words,  on  the  smallncss  of  the  diameter  of  the  earth's  orbit 
fta  a  base.  We  are  thus  necessarily  driven  to  employ  the  only  greater 
base  available,  vis.  the  path  traversed  by  the  solar  system  in  its  motion 
through  space. 

The  distance  traversed  by  the  sun  since  Bradley's  time  is  already 
well  over  300  limes  the  diameter  of  the  earth's  orbit.  The  pAraUactic 
motion  corresponding  thereto,  where  not  foreshortened,  must  amount 
to  over  7"  for  the  mean  of  the  stars  of  the  sixth  magnitude,  lo  about 
2*  for  those  of  the  ninth. 
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These  arc  quantities  which  wc  may  hope  to  measure  with  somo 
precisioii. 

It  is  true  that,  for  the  elucidadon  of  most  questions,  we  require 
Bccunite  proper  motions  for  multitudes  of  atars  not  observed  by 
Bradley  or  other  early  aatronomera,  but  the  difficulty  is  not  ft  furniid- 
able  one.  As  de  Sitter  and  myself  tried  to  demonstrate  eUcwbcrc,* 
l>hotography  enables  us  to  obtain,  in  a  doiten  ycore,  proper  motions 
of  08  many  stars,  down  to  the  fnintost  we  can  photograph,  as  will  be 
required  for  our  piirpoBea.  The  precision  need  no  way  be  inferior  to 
that  of  the  bulk  of  the  Itradley  stars. 

It  is  also  true  that  a  still  greater  base-line  would  be  aceeptablc; 
but  we  lasay  provisionally  be  coQtent.  The  base  B«  it  is  will  cnabln  us 
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reach  many  conclusions,  and  even  while  we  stmggle  on  with  our 
problem  the  base  is  lengthening  out,  the  precision  of  the  obeerva- 
tione  is  increaaiiii;.  We  may  look  forward  to  enormously  improved 
data  by  tlio  time  we  have  exliausted  tlie  treasures  virtually  contained 
in  tlic  data  already  now  available  or  obtainable  in  a  short  time. 

Of  course  the  difficulty  of  using  the  parallactic  motion  as  a  meas- 
ure of  distance  is,  that,  for  individual  stars,  we  do  not  know  what 
part  of  the  obeerved  motion  is  parallactic,  that  is,  due  to  the  solar 
motion,  what  part  is  peculiar  to  the  star.  The  two  become  aepamble 
only  for  numerous  gruups  of  stars,  and  then  only  by  the  introduction 
of  some  bypothesia. 

The  most  plausible  tbiug  to  do  seems  to  be  to  adopt  as  such  tfae 
hypothesis  already  in  general  use  in  the  derivation  of  the  precession 
and  the  sun's  motion  in  space:  viz., "  The  peculiar  motions  of  the  stars 

'  8<c  Pvhlicatitrm  of  the.  A»trono7nicat  Laboratory  at  Gronin^ieTi,  no.  14,  prcfocr. 
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are  directed  at  random,  that  ia,  they  show  no  preference  for  i 
particular  direction."  I  shall  further  on  refer  to  this  hypolhcsii 
the  fundamental  hvpotheaia. 

1  ehall  presently  enter  into  a  discussion  of  it. 

If,  for  tlie  moBient,  we  adopt  it,  we  see  at  once  that  we  can  get  the 
mean  parallactic  motion  of  any  large  group  of  stars  free  from  any 
admixture  of  Ihu  peculiar  motion. 

In  Fig.  \,  P,  1  have  scbcmatically  repreaented  the  peculiar  motion 
of  a  number  of  stars  crowded  together  near  the  point  ■S'  of  the  aphere. 
They  must  show  no  prefei-ence  for  any  direction.  As  a  conaequencc. 
the  sum  of  the  projections  on  any  line,  counted  positive  one  way  and 
negative  in  the  opposite  direction,  must  be  zero. 

Now  the  pecxdiar  motion  cannot  be  observed,  for,  in  addition  to  it, 
tlic  stars  must  have  a  parallactic  motion  wtiich  is  no  other  than  tlie 
sun's  motion  reversed.  For  oil  the  stars  at  S  this  motioo  is  directed 
along  the  line  Sx  towards  the  Antapcx. 

For  the  star  whose  peculiar  motion  ia  SB,  let  Sfi  be  the  paral- 
lactic motion.  The  total  proper  motion,  which  is  no  other  than  the 
really  observed  motion,  will  be  Sb,  the  ratultant  of  SB  and  Sff.  In 
the  same  way  the  observed  proper  motion  of  the  star,  whose  peculiar 
motion  is  SC  will  be  Sc,  etc.  'ITie  observed  pn)per  motions  corres- 
ponding with  the  peculiar  motions  in  Fig.  1,  P,  have  been  represeut«d 
in  Fig.  1,  Q. 

The  mode  of  their  generation  from  the  two  components  proves  thai 
the  sum  of  the  motions  projected  on  Sy  at  right  nngles  to  Sx  will  be 
the  same  as  in  Fig.  1,  P.  It  must  be  zero.  In  the  degree  to  which 
this  condition  is  satisfied  in  different  parts  of  the  sky  there  is  a.  pre- 
cious partial  test  of  the  validity  of  our  fundamental  hypotheaiB. 

We  shall  revert  to  it. 

On  the  other  hand,  the  sum  of  the  obsen'ed  motions  projected  on 
Sx  will  bo  the  sum  of  the  total  parallactic  and  the  projert«?<I  p^uliar 
motions.  The  latter  being  zero,  for  the  sauio  reason  as  bi-fore,  we 
see  that  we  get  the  sum  of  the  parallactic  motions,  consequently 
the  mean  parallactic  motion  of  the  group  free  from  the  peculiar 
motions.  This  mean  parallactic  motion  at  once  yields  the  mean 
parallax  of  the  group. 

Adopting  Canipbetl'a  velocity  of  the  aolar  systam,  we  have  but  to 
divide  by  4.20  multiplied  by  the  sine  of  UiO  angular  distance  of  the 
group  from  the  Apex. 

In  applying  tliis  method,  however,  we  ehall  always  have  to  bear 
in  niiiid  that  it  rests  on  the  supposition  embodied  in  our  fund*- 
mental  bypotliesia,  and  that  it  cannot  be  usud  tliereforc  for  groups 
in  which  the  proper  motions  must  evidently  favor  some  particular 
direction. 

So  we  can  safely  apply  it  to  stars  of  any  one  ])articular  magnitude. 
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For  in  the  magnitude  of  a  star  can  be  no  reason  for  a  predilection 
of  the  direction  of  its  motion.  It  is  crroneoua,  however,  to  apply  it 
to  stare  of  which  the  total  proper  motion  has  any  particular  value. 

For  there  are  three  reasons  whicli  will  make  the  appaient  proper 
motions  of  &  star  considerable. 

(a)  Considerable  linear  velocity; 

(b)  Small  distance  from  the  solar  syatem ; 

(e)  Near  coincidence  of  the  direction  of  the  parallactic  and  peculiar 
proper  motion,  wltereby  the  effect  of  the  two  is  added. 

Therefore  if,  for  inetance,  we  select  stars  of  very  considerable 
proper  motions,  we  are  certain  to  give  a  oerUin  amount  of  preference: 

To  stara  of  great  linear  velocity  and  to  stars  of  small  distance 
from  tlie  suu,  but  also  to  stars  the  peculiar  motion  of  wtuch  favors 
Uie  direction  of  the  parattaetie  motion,  that  its,  the  dlreotiou  toward 
the  Antapex. 

This  is  also  seen  at  once  from  Fig.  l,Q,  The  greatest  proper  motions 
llifcre  are:  Sa,  Sb,  Sc,  Sm,  Si  —  corresponding  to  the  jieculiar  ino- 
Itions  SA,SB,  SC.SM,  SL,  in  Fig.  \yP,  which  motions  evidently  favor 
the  direction  Sz  towards  Che  Antapex. 

ft  is  tl)e  neglect  of  this  consideration  which  Kas  led  several  aatrO' 
oomera  into  error. 

We  have  now  to  face  the  question: 

Can  ^e  derive  the  general  traits  of  the  structure  of  the  stellar 
system  hy  the  aid  of  the  distances  derived  from  the  parallactic 
motion.  J  am  convinced  that  we  can,  and  it  is  the  real  purpose  of 
this  lecture  to  show  in  what  manner. 

The  most  direct,  though  not  the  only  way,  I  think,  is  that  which 
begins  by  determining  the  mean  parallax  of  stars  of  a  determined 
magnitude  and  a  determined  amount  of  proper  motion. 

Though,  as  I  cxplaiued  just  now,  we  cannot  derive  the  parallax 

Stars  of  a  determined  proper  motion  from  the  pRfallactic  motion, 
■*e  can  still  gain  our  end  somewhat  indirectly,  but  pretty  satis- 
factorily, if  to  the  data  furnished  by  that  motion  we  add  what  we 
know  by  direct  determination  of  parallax. 

The  results  thus  obtained  were  cmbcxlicd  in  a  simple  formula,  in 
a  paper  published  a  few  years  ago. 

For  the  sake  of  brevity  I  will  call  the  parallax  of  any  star  com- 
puted by  this  formula  from  its  magnitude  and  proper  motion  its 
mean  or  theoretical  pftrallax. 

If  for  any  individual  star  the  true  parallax  were  ecjual  to  this 
theoretical  one,  we  should  of  course  know  at  once  the  di.stribution 
ill  space  of  all  tJio  etars  of  which  wc  know  the  apparent  magnitude 
and  the  proper  motion. 

It  need  not  be  said  that  they  will  be  generally  unequal. 

Without  knowing  the  individual  paTalluxcs  wc  may  still  find  out 
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tlie  real  dteirtUution,  however,  if  we  van  make  out  which  fraction 
of  the  stars  have  a  parallax  exceeding  its  theoretical  value  two, 
three,  four  .  .  .  times,  for  which  fractiou  tlus  parallax  is  only  half. 
a  third,  etc. 

We  thus  have  to  see  wliether  it  be  not  possible  to  find  out  this 
law  of  the  frequencies. 

Tlieoretically  nothing  is  easier  than  to  derive  it  from  the  data 
furtiiahed  by  the  stars  of  which  the  parallax  has  been  measurwl. 
For  thfse  objects  we  know  the  true  as  well  as  the  theoretical  par- 
allax, and  we  may  tliua  determine  at  once  the  frequency  of  any  devi- 
ation of  the  two. 

We  thus  see  that  there  is  nothing  to  prevent  us  from  obtaining 
ultimately  a  thorough  knowledge  of  the  law  in  quesUon. 

For  the  present,  however,  existing  maieriale  are  quite  insiiffieient 
for  such  a  thorough  determination,  and  we  muitt  provisionally  have 
rccouwe  to  a  Icna  fundamental  course. 

The  qui'stion  ia  anulngous  to  the  other,  with  which  every  astrono- 
mer is  familiar:  What  ia  the  frequency  with  which  errors  of  a  given 
amount  will  occur  in  a  determined  series  of  ob3cr%-ations  ?  Everr- 
hody  knows  that,  by  admitting  certain  plausible  hypotheses,  wliieh 
may  he  supposed  to  be  approximately  satiHfied  in  most  caaes,  the 
question  is  n^ducible  to  the  finding  of  a  single  number,  to  that  of 
the  probftblii  rrror,  for  instance. 

Something  of  the  same  sort  may  be  done  here.  True,  the  condi* 
tioTis,  supposed  to  be  satisfied  for  the  distribution  of  the  errors  of 
obser\'fttion,  are  certainly  not  satisfied  for  the  deviations  of  the 
true  parallaxes  from  their  thooretical  value.  For  if,  for  instance,  tbe 
theoretical  parallax  is  0*  01,  it  is  evident  that  a  deviation  of  0*  02, 
very  weU  possible  in  one  direction,  is  impossible  in  the  opposite  one. 
Positive  and  negative  deviations  of  the  same  amount  are  certainly  not 
equally  probable. 

We  may,  however,  introduce  other  conditions,  which  are  ew- 
tainly  satisfied  at  the  limits  and  which  for  the  rest  may  bo  deemed 
plausible.  These  will  lead  to  a  Ltw  of  frequency,  different  frotn  that 
of  the  errors  of  observation,  but  like  that  law  only  dependent  on 
one  or  only  a  Few  constant  imrameters.  I  have  chosen  a  form  with 
a  single  constant.' 

We  may  take  such  a  course  with  the  more  confidence  the  snuUer 
the  de\'iations  are.  For,  as  these  deviations  decrease,  our  indepMid- 
ence  from  the  form  of  the  assumed  law  increases.  In  our  ease  I  find 
that  70  per  cent  of  all  the  stars  have  their  true  parallax  included 
between  0.4  and  1.6  times  their  theoretical  parallax. 

Still  of  course  it  cannot  be  maintained  that  the  frecpiency  law 
'  See  PubtiaUioru  o}  the  Attronomitai  Labaniiory,  at  Gnmingen.  no.  8. 
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thus  provisionally  adoptf^  roprceenta  thtt  facte  of  nature  accurately. 
We  have  not  sufficient  <lata  for  testing  the  matter.  But  we  may 
Mfely  assume  Utat,  the  constant  parameter  being  determined  from 
tht  obsen'ationa  ihenijclvcs,  wo  must  get  enonnously  uearer  to  the 
truth  than  by  adopting  for  the  parallax  of  any  star  its  theoretical 
value.  It  appears  that  even  from  exiating  determinations  of  parallax 
this  one  parameter  is  already  obtainable  with  some  precision. 

In  a  few  years  more  extenaive  reeuits  of  observation  will  surely 
enable  ua  to  get  a  better  approximation,  and  we  may  well  hope  that 
the  time  is  not  far  distant  when  accumulated  data  will  furnish  such 
knowledge  of  this  frequency-law  as  leaves  little  to  be  desired. 

HAVlDg  once  found  the  law  of  the  frequencies,  we  may  determine 
the  true  frequency  of  the  distances  with  the  same  ease  as  we  deter- 
mine  the  frequency  of  determined  errors  of  obscr\'fttinns  m  soon  as 
the  probable  error  is  known.  The  following  example  will  illustrate 
the  whole  proceBS. 

From  the  obsen'ationB  of  Bradley,  which  embrace  about  two  thirds 
of  the  whole  sky,  we  learn  that  somewhat  less  than  10  per  cent  of 
t-he  stars  of  the  si.Tth  magnitude  have  centennial  motions  ranging 
from  4"  to  5'.  The  total  aumber  of  the  sixth  magnitude  st-are  In  the 
whole  sky  is  4730. 

We  eonclude  that  in  the  whole  sky  ther«  must  be  almost  10  per 
cent  of  47.'Kl,  in  fart,  461  ittarx  of  tlie  sixth  magnitude  having  proper 
motions  ranging  from  4*  tn  5". 

Our  formula  gives  almost  exactly  0*01  for  the  theoretical  paral< 
lax  of  the  stare  of  this  magnitude  and  proper  motion. 

With  these  data  our  frequency-law  leads  at  once  to  the  following 
distribution  of  the  true  parallaxes: 

461  stars;  mag -6;  ^=0'045 
mean  ic  =0*0102 


Lirtila  oj  r 

O'OOOO  and  0-00 10 

.0010  .0016 

.0016  .0025 

.0025  .0040 

.0040  .0063 

.0063  .0100 

.0100  .0158 

.0158  .0251 

.0251  .0398 

.0398  .0631 
0.0631 


Fraction  of 

th*  vheU 

Numhtt 

0.00 1 

0 

.004 

2 

.02S 

13 

.097 

45 

.209 

96 

.276 

127 

.226 

104 

.116 

54 

.036 

16« 

.007 

3 

ilOl 

0» 

Totals 


1.000 


461 
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For  the  limlta  of  parallax  I  chose  Qumbcrs  incrcasJof;  in  the  con* 
8tant  ratio  of  1  to  1.5S5.  They  are  such  that,  if  all  the  stnrs  had  the 
snnio  luminoeiity  their  apparent  brightness  would  diminish  by  just 
one  magnitude  as  we  pass  from  one  shell  to  the  next  more  distant 
one. 

Some  of  the  carhcr  investigators  have  started  from  the  hypothesta 
of  equal  luminosity  of  &U  the  stars.  In  their  theory,  if  the  first  ehelJ 
contains  the  stars  of  the  first  maftnitudc,  all  the  stars  of  the  second 
niagititude  will  be  contained  in  the  second  shell,  those  of  the  tliird 
in  the  third,  and  so  on. 

If  we  treat  the  stars  of  the  other  magnitudes  and  proper  motions 
in  the  same  way,  we  ahall  get  what  has  been  represented  in  Fig.  2. 

We  there  sec  that  of  all  the  stars  of  the  sixth  magnitude,  614  will 
finally  find  their  place  in  the  4tb  shell  (r  -0*016  to  ff-0^26),  833 
in  the  fifth,  901  in  the  sixth,  771  in  the  seventh,  etc. 

It  will  be  reniarlted  how  widely  this  arrangement  differs  from  what 
it  ie  in  the  just  quoted  theory  which  places  all  the  stars  of  any  one 
apparent  magnitude  in  the  same  shell. 

All  the  stars  uf  the  same  apparent  magnitude  have  been  put  down 
in  the  same  sector;  we  have  of  course  to  ima^c  them  distributed 
through  the  whole  of  the  shell,  mixed  with  those  of  other  spparenl 
magnitudes,  the  numbers  of  which  have  been  inscribed  In  other  sectors. 

No  more  than  seven  sheila  could  well  be  shown  in  the  figure.  In 
the  actual  computatiuns  their  number  is  of  course  increased  and  the 
stars  of  the  second,  third  .  .  .  seventh,  eighth,  ninth  magnitude 
were  duly  taken  into  account. 

The  complete  figure  would  thus  show  the  distribution  in  spare  of 
the  stars  of  any  apparent  magnitude  between  the  ueeond  and  the 
ninth. 

In  principle  no  other  hypothesis  was  introduced  beyoud  our  funda- 
mental hypothesis,  which  supplied  the  mean  parallaxes.  It  is  true 
that  the  frequency-law  introduced  is  still  somewhat  unsati8faetor>" 
and  will  remain  ao  for  some  time  to  come.  The  objection,  however, 
is  not  fundamental.  As  remarked  already  there  is  nothing  to  hinder 
us  from  finding  nut  its  true  form  aa  soon  as  we  have  a  sufTicient  num- 
ber of  accurate  parallaxes  at  our  disposal. 

In  order  to  derive  further  results  we  shall  now  introduce  a  rww 
hypothesis,  viz.,  that  light  eufters  no  absorption  in  passing  tbrough 
space.  We  ahal!  pa-sently  have  to  discuss  in  how  far  the  reeulta  are 
changed  if  this  bypothcsis  is  dropped. 

Admitting  that  space  is  perfectly  tranepanrnt  we  can  at  once 
derive  the  absolute  .magnitude  for  ever>-  star  in  our  figure.  Abso- 
lute magnitude  of  a  star  we  shall  call  the  apparent  magnitude  this 
star  would  show,  were  it  placed  at  unity  of  distance.  I  shall  here  take 
unity  of  distance  tu  correspond  with  a  parallax  of  O'Ol.    T1]e  st-ars 
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of  the  sixth  magnitude,  apparently,  will  thus  aUo  have  absolitto 
magnitude  six  on  the  surface  of  the  sphere  separating  the  flfUi  and 
the  sixth  shell  of  Fig-  2. 

To  a[>peur  alwayn  as  a  star  of  the  aixth  magnitude,  stars  more 
distant  will  have  to  be  absotiitcly  brighter,  thofip  at  emaLIrr  distances 
nill  be  fftiotcr.  The  apparent  magnitude  hvihg  known,  they  can  b« 
easily  computed,  of  course,  for  evcrj-  distance. 

In  the  figure  th*.-  mean  absohitc  magnitude  of  the  stars  in  any  one 
shell  nri8  been  inserted  for  the  stars  of  the  fourth,  the  fifth,  aud  the 
sixth  apparent  magniiudc. 

Now,  first,  the  numbers  in  the  figure  enable  us  to  find  nut  tlie  mix- 
ture-law, that  is,  the  law  which  gives  the  proportion  in  which  atars  of 
diffcrenl  absolute  magnitude  arc  mixed  in  nature. 

For  wo  sec  from  the  6gurc,  shell  VII,  that  tho  proportion  of  the 
number  of  stars  of  absolute  magnitude  2.4  to  that  of  tho  absolute 
magnitudes  3.4  and  4.4  is  as  that  of  the  numbers 

4y.        211,        371 
Similarly  in  shell  VI  we  hnd  for  the  proportion  of  the  number  of 
stars  of  absolute  magnitude  3.4,  4.4,  5.4,  the  numbers 

66,        255,  901 

and  so  on. 

Therefore,  t/  tht  mijture  be  the  same  at  differertt  distances  from 
sun,  then  we  have 

by  shell  VII,   rclat.  frequ.  of  stars  of  aba.  mag.  2.4,    3.4,    4.4 

by  shell    VI.    rclat.  frequ.  of  stars  of  abs.  mag.  3.4,    4.4,    5.4 

by  ahcU     V,   rclat.  frequ.  of  stars  of  abs.  mag.  4.4,    5.4,    6.4 

by  shell       I,    rclat.  frequ.  of  stars  of  iibs.  mag.  8.4,    9.4,  10.4 
80  tbat,  even  if  we  had  no  <it  her  data  than  those  represented  in  Fig.  2, 
we  should  alrc-ndy  e,(it  the  mixture-law  for  a  raORC  of  8  magnitudes. 

.\s  a  uiattiT  of  fact,  it  proves  feasible  to  include  nut  only  a  greater 
number  of  apjMirctit  magnitudes,  but  abo  a  greater  number  of  shells, 
in  our  computations.  As  a  oons(squence  we  shall  in  reality  find  the 
mixture-law  for  a  range  of  not  Ipsh  thun  IS  or  19  magnitudes,  though 
it  must  lie  admiltwl  tlmt  the  miecrtainty  is  nmch  increased  at  the 
extremes. 

We  may  go  one  step  further  and  transform  our  absolute  magni* 
tudes  int«  lumiuositie^.  By  luminosity  of  a  star  we  shall  denote  its 
total  quantity  of  light  aa  compared  to  tKat  of  the  fnia. 

For  as  the  stellar  magnitude  of  our  sun  is  at  present  known  with 
some  degree  of  approximation,  we  can  compute  its  absolute  magni- 
tude, for  whlrh  I  find  the  numlH;r  lO.S.  That  is  to  say,  the  sun  trans- 
ferred to  a  diatanrc  correaptmding  to  a  yearly  partdlujc  0*01  would 
efainc  with  the  light  of  a  star  of  the  10.5  magnitude. 

Absolute  mngmtudc  10.5  thus  corrcspoading  with,  unity  of  lumin- 
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oeity,  that  is,  to  the  luminoiiity  of  the  Bun,  there  is  no  further 
difficulty  in  iraiisforming  other  absolute  magnitmles  into  lumin- 
osities. 

The  result  arrived  at  for  the  mixturc-Uw  by  carefully  working 
out  thetse  ideas  ia  roughly  summariecd  in  the  following  table: 


Within  tfit  sphere  whtyse  radius  corresponds 
vfiarn  of  the  ninth  mngnitude.  there  vjHI  be : 


to  the  mean  parallax  of 


^V      1  Stnt 

100  UOU 

to 

10  000 

times  moTe  luminous  than  sun 

4fl  eturs 

10  IKM) 

to 

1  000 

timeti  more  luminnu.4  than  sun 

1  300  stars 

1  (K)0 

to 

I()0 

times  more  luminous  than  tain 

22  000  stars 

100 

to 

10 

times  more  luminous  than  Nun 

140  000  stare 

10 

to 

I 

times  more  luminouH  thtin  »iiti 

430  000  stars 

1 

to 

0.1 

tinier  mon:  luminous  than  »uu 

6o0  000  stars 

0.1  to 

0.01 

times  more  luminous  than  sun 

The  inerense  in  these  numbers,  which  for  the  very  luminous  stars 
is  extremely  rapid,  becomes  slower  and  .slower  for  the  fainter  stars. 
It  even  seems  as  if  we  have  to  expect  no  further  increase  in  the 
number  of  stiknt  having  letk'4  than  a  hundredth  of  the  i^un's  tight.  Tho 
uncertiiinty  of  the  extreme  numbers,  however,  docs  not  allow  us  to 
UMrt  anything  very  poeitivciy. 

Meanwhile  \ve  have  introduced  a  n«w  hypothesis,  viz.,  that  the 
mixture-law  is  tho  same  at  different  distaiioes  from  the  sun. 

By  the  overlap  of  the  absolute  magnitudes  iu  the  consecutive 
shells,  we  have, to  a  certain  extent, the  nieansof  checking  the  correct- 
ness of  this  hypothesis.  Thus,  for  instance  (see  Fig.  2),  we  find  for 
the  proportion  of  the  numbers  of  staj^  of  absolute  magnitude  5.4 
and  4.4: 

by  shell   V,  ^=3-32 


by  shell  VI,  ;ir7  =  3.53 

The  numbers  are  slightly  different;  not  more  so,  however,  than 
can  be  explained  by  the  uncertainties  of  our  data.  On  Ihe  other  hard 
we  plainly  see  that  by  aceunmlation  <if  such  uncertainties  thp  proof 
of  the  identity  of  the  mixture  in  largely  distant  shells  mu^t  become 
extreraely  weak. 

As  a  matter  of  fact,  the  conditions  are  not  quite  so  bad  as  they 
Mcm  to  be  by  Fig.  2,  because  we  dispose  of  data  for  magnitudes  other 
than  the  f(mrth,  fifth,  and  sixth  there  repre.iented.  In  consequence 
of  this,  the  overlap  of  the  absolute  magnitudes  in  Uvo  consecutive 
shells  is  muph  more  considerable,  and  we  have  even  some  overlap 
of  non-adjacent  shells.    Still  the  proof  of  the  identity  of  the  mixture 
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at  different  diatanecs  fmm  Lhc  sun  will  remain  defective  bo  long  as 
we  bave  not  at  our  duposol  u  ^uflicicnt  number  of  proper  motiuos  of 
Btars  of  vco'  different  maRnitude. 

If  we  htwl  such  data  in  sufficient  number  for  stars  (mm  the  third 
down  to,  say,  the  fourteenth  mugnitude,  tlien  there  would  be  an 
overlap  of  not  le-=s  than  six  magnitudes  even  for  the  first  and  the 
seventh  shell.  We  should  then  l»e  fairly  able  to  dispense  with  the 
above  hypothesis. 

As  mentioned  beforCj  we  need  by  no  means  deepairof  obtoininK  euch 
data  in  a  near  future- 

The  dtstribution  of  the  different  degrees  of  luminosity  in  the 
universe  ia  not  the  only  thing  that  can  be  derived  from  such  data  as 
those  shown  in  Fig.  2. 

For  we  cau  evidently  also  determine  at  once  the  number  of  stars 
pro  Unit  of  volume,  In  other  worda  the  density,  for  any  absolute 
magnitude.  For  this  purpoec  we  have  only  to  divide  the  number 
of  stars  in  any  one  shell  by  the  volume  of  that  shell.  For  the  variouis 
Bhella  this  volume  has  been  inserted  in  the  figure  in  a  separate  table. 
I  have  given  an  example  of  thin  determination  in  Fig.  2.  It  is  aa 
follows: 


Shell  VI 

Shell  VII 
Whence: 


Ahaol.  mag.  iA 
Den3ity  =  ^=20.4 

771 

Donsitv  =  -— .  =  15.6 
•      49.7 


Ab»ol.  tnog.  3.4. 
12.5 


Abaolutfi  magnitude  4.4  . 


Absolute  magnitude  3.4 


Density  VIl 
nensity  VI 
Density  VI 1 
Density  VI 


2U_ 
49.7 

15.5 

4.25 
"5:2' 


=  4.25 


=0.76 


=0.82 


Suppose  the  stnr-denBitiea  thus  determined  for  all  the  absolute 
magnitudes  entering  into  our  «omputfllions.  If,  as  we  assumed  be- 
fore, the  mLxturc  of  the  stars  of  different  absolute  niagmtudc  is  the 
same  throughout  the  system,  then  we  must  find  the  change  in  density 
from  shell  to  shell  the  same  for  every  absolute  magnitude.  In  our 
•  example  we  find  for  the  proportions  of  the  densities  in  shell  VlI  and 
VI;  0.76  for  the  stars  of  absolute  magnitude  4.4;  0.S2  for  thoee  of 
absolute  magnitude  3.4. 

They  are  somewhat  different,  but  not  more  so  than  can  be  ex- 
plained by  the  defectiveness  of  our  data.  I  found  fairly  the  sacui: 
consistency  for  the  whole  of  the  materiala. 

There  thus  provisionally  is  no  reason  for  abandoning  the  hypothcsi 
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of  the  couBtancy  of  the  mixture  for  difTerentcliHtances  from  the  sun. 
and  this  being  tlic  cuse,  the  chtin^  in  the  dcitMty  rmm  »hdl  to  d\vl\ 
found  for  the  stnrs  of  any  dotcnnined  absolute  mn^tudc  must  ut  the 
eame  time  represent  the  chnnge  in  the  totft]  star-density.  We  thus  see 
that  the  law  of  the  tot«l  dcngitics  for  various  distances  from  the  sun 
cut  be  found,  although,  ss  long  so  our  data  do  not  embrace  the  whole 
range  of  the  absolute  magnitudes  existing  in  nature,  we  cannot  tell 
the  total  number  of  stars  pro  unit  of  volume,  that  is,  we  can  only  find 
the  relative  densities,  not  the  absolute  ones. 

Taking  the  mean  of  the  two  determinations  in  the  preceding 
example,  we  may  thus  ai»ume: 


Total  stjir-denfiity  in  shell  VII 
Total  star-density  in  shell  VI 


=  0.79 


From  the  whole  of  the  available  data  was  derived  the  number  0.7ft. 
]n  this  way  I  Bnd,  taking  as  unity  of  density  the  density  in  the 
neighborhood  of  the  sun : 

V                      Corrttp.  dill.  Slar-dtTttilif 

0*00118  8.5  0.162 

.(KHK7  5.3  .292 

.00296  3.4  .46& 

.00469  2.1  .684 

.00743  1.36  .862 

.0118  0.S6  M& 

.0187  0.63  .984 

.0296  to  oo  0.34  to  0.  1 .000 

This  determination  is  quite  provisional  berause  some  data  have 
been  neglected  in  its  derivation,  whirh  muHt  have  cf)nMiderable  in- 
fluence. Still,  always  granting  the  validity  of  our  premises,  there  can 
be  no  doubt  of  the  general  course  of  these  numbers. 

In  the  mean  of  the  whole  sky  wc  find  a  regular  thinning  out  of  the 
Btars  as  we  recede  further  and  further  from  the  sun.  The  thinning 
out  is  hardly  perceptible  iis  long  as  the  parallax  is  upward  of  0*01. 

We  might  now  look  at  another  face  of  the  question.  The  use  of 
the  method  just  now  explained  w  not  necessarily  confined  tn  the  sky 
as  a  whole,  but  is  apphcable  as  well  to  sepanite  parta  of  it. 

So,  for  instance,  we  may  derive  the  laws  of  the  mixture  and  that  of 
the  densities  separately  for  stars  in  the  Milky  Way  and  for  those  at 
.considerable  distance  away  from  that  belt.  .\  few  years  ago  I  ear- 
ned out  such  an  investigation ,  but  for  the  same  reason  that  then  made 
nie  refrain  from  publication,  I  ahall  not  now  communicate  results. 
The  KMon  is  that  some  difTiculties  became  apparent  which  make 
tlie  results  aeem  doubtful.  Itmaybe  sufficient  here  to  havedirecled 
the  attention  to  the  fact  that,  granting  our  fundamental  hypothesis, 
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that  in,  the  hypntheBis  that  the  real  proper  motione  do  not  favor  any 
particular  direction,  we  must  be  able  to  find  out  the  reul  nirange- 
ment  of  tlie  ntiii's  in  the  Milky  Way  and  outtiide  that  strntuni. 

Before  discussing  the  dUficidty  here  alluded  to,  I  shsll  8tat«  another 
difficulty,  which,  though  it  will  not  necessarily  hinder  us  froni  un- 
raveling the  mystery  of  the  structure  of  the  Milky  Way,  may  well 
lead  US  to  douht  the  validity  of  our  conclusiooB  in  regard  to  the 
chaRiCe  of  star-density  with  increasing  distances  from  the  sun.  I  am 
speaking  of  the  absorption  of  light  in  space. 

How  fundamental  the  question  of  the  abaorptJon  of  light  is  for 
the  detenmuHtiuu  uf  tlie  Mlar-<lensity  appears  from  Fig.  2.  The  Dimi> 
bcr  of  stars  of  any  apparent  magnitude  present  in  any  one  abetl  is 
known  independently  of  any  consideration  of  abaorption  of  light. 
Whether  there  is  appreciable  absorption  or  not,  there  are  771  stars 
of  the  sixth  apparent  magnitude  in  shell  VII.  But  if  there  is  absorp- 
tion to  the  amount  of  1 .8  magnitudea  per  unit  of  distance,  as  recently 
proposed  by  Comstuck,  then,  as  the  mean  distance  of  (shell  VII  is  2.13. 
the  light  of  the  stars  of  this  shell  will  be  diminished  by  about  2.13 
X  1.8 -3.8  magnitudes. 

To  appear  to  us  as  stars  of  the  sixth  magnitude  these  stars  must 
therefore  have,  not  the  absolute  magnitude  4.4,  wliich  we  had  to 
assume  for  them  in  a  perfectly  transparent  space,  but  :i.S  magnitudes 
brighter.  We  thus  would  find  these  stura  to  be  of  absolute  ma^itude 
0.6  in  the  mean. 

For  the  several  shells  these  new  absolute  magnitudes,  correspond- 
ing with  apparent  magnitude  6,  have  been  inclosed  in  squares  in 
Fig.  2. 

Does  it  follow  that  in  the  some  space  in  which  in  a  transparent 
umverae  we  should  have  77!  stars  of  absohit*  magnitude  4.4,  we 
must  now  assume  the  prc!>onre  of  771  stars  of  mbsnlule  magnitude 
0.6?  Not  generally;  for  it  must  l>e  evident  that  In  the  theory  which 
aasumes  absorption,  the  thickness  nf  the  sphcriual  sheila  of  Fig.  2 
doea  no  longer  correspond  with  just  one  magnitude.  It  can  be  easily 
proved,'  however,  that,  if  the  proportion  of  Xhe  total  number  of 
stars  of  two  consecutive  absolute  magnitudes  i."*  a  constant,  and  this 
condition  is  approximately  satisfied  for  the  all-important  magnitudeB, 
then  wc  shall  indeed  have  in  shell  VII  jiwt  771  stars  of  absolute 
magnitude  0.6;  in  shell  VI  just  001  stars  of  absolute  magnitude  3.0, 
and  ao  on. 

Now,  whichever  thcorj-  wc  adopt,  the  stars  of  absolute  magnitude 
4.4  will  l>e  found  to  be  about  200  or  300  times  tnore  numerous  than 
the  atare  of  absolute  magnitude  0.6. 

For  the  density  of  intrin-sicnlly  equally  bright  stars,  therefore, 
also  for  the  total  Ktar-den.?ily  in  shell  VII.  we  shall  thus  have  to 
I  Sec  tliis  proof.  Attnmtmical  Journal,  no.  566. 
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assume  ft  value  about  200  or  300  times  higher  in  the  theory  which 
HKininiwi  absorption  tliau  we  should  iii  the  theory  wliich  neglects  it. 

For  shells  at  a  smaller  dlstauc-e  the  differeQce  of  the  density  in  the 
two  theories  becomes  rapidly  smaller,  to  vanish  altogether  in  the 
immediate  vicinity  of  the  sun. 

On  the  other  hand,  thisUifference  increases  with  enormous  rapidity 
^for  greater  distances.  For  a  distance  of  10  units  we  are  already  led 
to  a.  density  of  over  20,000,000,000  tiuiCH  that  which  would  be  found 
for  a  iritusparent  universe. 

I  thinb  that  we  are  justified  in  rejecting  a  value  of  tiic  absorption 

leading  to  such  results.    With  an  amount  of  absorption  ten  times 

'tmaller,  however,  we  find,  for  distAOce  10,  a  star-density  nearly  equal 

to  that  in  the  vicinity  of  the  sun,  a  state  of  things  against  which 

there  can  be  no  a  jmori  objection. 

From  considerations  like  the  preceding  it  must  be  evident  that  we 
cannot  hope  to  get  a.  thorough  insight  into  the  real  structui-e  of  the 
uoiverse  without  attacking  this  problem  of  the  absorption  of  light 
In  epace.  Not  to  argue  in  a  vicious  circle,  the  determination  of  its 
amount  ha?  to  be  independent  of  the  atar-density  at  different  dis- 
tances from  the  sun. 

I  shall  not  stop  to  consider  a  method  for  this  Ueteriniuation,  which 

k3  have  explained  elsewhere.*    It  may  suffice  to  say  that,  here  again. 

■wc  can  only  arrive  at  a  aatisfactury  solution  when  we  have  at  our 

disposal  the  necesaury  data  for  the  proper  [notiunti  of  very  faint 

stars. 

In  what  precedes  we  have  considered  how  we  may  hope  to  find; 
(1)  the  arrangement  of  the  ntara  in  space;  (2)  the  frequency  of  differ- 
ent degrees  of  luminosity ,  We  thall  hardly  succeed  in  deriving  in  the 
SKme  wtiy  what  we  may  call  the  law  of  the  velocities,  that  h,  we  shall 
not  be  Mv.  to  find  the  frequency  with  which  determined  velocities 
occur  in  the  stellar  world. 

This  law,  however,  is  readily  obtainable  by  spectroscopic  observa- 
tion. If  from  the  directly  obeer\'ed  riulijJ  velocities  we  eubtract 
that  part  which  is  due  to  the  motion  of  the  solar  system,  and  which, 
since  Campbell's  obnervations,  is  known  with  very  respectable  pre* 
cision,  we  obtain  at  once  the  real  velocity  of  the  stars  in  the  line  of 
tdght.  Simple  countings  will  thuK  furnish  us  immediately  with  the 
frequency  of  different  values  of  this  component.  Hejice,  adopting 
oar  fundamental  hypothesis,  we  may  readily  dotive  the  frequency  of 
the  total  velocities  themf^elves,  by  considerations  founded  on  the 
theory  of  probabilities.'  The  following  table  shows  what  1  derived, 
in  a  somewhat  indirect  way,  from  the  results  published  byCampbeU;' 


'  See  Atlnmtmicat  Jtntnuil,  no.  BfiO. 

'  PvUiaUiorM  of  the  AatKinatmeal  LabonUoiy  at  Groninfen,  no.  6.  pp.  It,  12. 

*  AttntmnittttJourTUil,  xyiii,  p.  SO. 
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Total  vtiodty 

0  to  lO  kil.  pro  aec. 
10  to  20 
20  bo  30 
30  to  40 
40  to  50 
50  to  60 
60  tn70 
70  to  80 
80 
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Frttptency 
0.025 

.145 

.252 

.259 

.17S 

.093 

xm 

.011 

.002 


Sun's  velocity  20  Kil. 
pro  sec. 


1.000 


In  the  aaroe  hypothesis  y,t!  may  aleo  derive  the  law  from  the 
astTonomic&l  proper  motions.  Time  does  not  allow,  however,  to  enter 
into  thiB  matter,  which  I  have  tried  to  explain  elsewhere.' 

Tlie  time  that  remains  I  would  rather  devote  to  some  considerations 
about  the  fundamental  hypothesis  itself.  In  what  precedes  I  have 
sketched  what,  in  my  opinion,  is  a  good  plan  of  attack  of  the  sidereal 
problem.  The  ease  with  which  such  problemiJ  &6.  for  instance,  the 
murh-tlebated  question  about  the  most  general  structure  of  the  Milky 
Way,  may  be  settled  makes  suuh  a  plan  very  attractive. 

The  fundauiental  hypothesis  on  which  the  whole  iDvestigatioD 
rcits  haa  already  done  good  service  and  haa  led  to  results  which  are 
pretty  generally  accepted.  But  still  —  everybody  must  feel  that  here 
lic»  the  weak  poiut  of  the  method.  An  far  as  1  know,  do  proof  of  itd 
general  correctness  has  as  yet  been  attempted,  not  even  within  Ibe 
limitis  in  which  such  praof  seems  feasible  without  serious  diflirulty. 

That  there  must  be  divergenoeH  in  detail  seems  extremely  prob- 
able. That  there  )h  a  certain  a  ;^Wnn' probability  that  these  divergences 
may  be  considerable  cannot  be  denied. 

What  ia  more  important  still: 

Every  iiatroiioiner  who  huti  devoted  much  tboUKht  and  time  to  the 
study  of  the  proper  motions  must  be  aware  of  the  fact  that  there 
remain  not  inconsiderabie  annmalies.  They  prevent  him  from  ac- 
cepting our  fundamental  hypothesis  nn  other  terms  than  as  a  pro- 
visional one,  to  be  used  for  want  of  a  better. 

If  we  base  <nir  ntudy  of  the  Htrurture  of  the  universe  on  thi« 
hy|K}thosit),  we  must  do  it  on  the  principle  that  out  of  several  evils 
we  should  choose  the  least.  Conceding  all  this,  does  it  follow  that  we 
have  to  accept  the  conclusion  of  a  critic  who  denied  any  astronomical 
interest  to  any  research  based  on  this  one  hypothesis? 

1  believe  not. 

Are  the  objections  siifficieiit  to  make  us  neglect  the  whole  of  the 
data  furnished  by  the  proper  motions? 

*  P%ibli(ai\ttn4  of  Ihe  Antratwmicat  Laboratory  at  Onmwigtn,  co.  6. 
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Thw  would  be  very  sorioua. 

For  ray  part,  I  take  these  data  to  be  the  most  nnportJint  we  liave, 
m  importance  thnt  will  iniinenfiely  increase  as  time  ndvances. 
Moreover,  the  probk-m  before  «8  is  of  fmcb  difficulty  and  our  ine&ns 
of  attac-k  so  slender  that  it  aeeras  downright  sin  t«  neglect  any  data 
at  our  disposal.  Besides,  even  if  we  nejjlcct  the  proper  rootioiis  and 
onnfinc  uur  Btt«iilion  to  tke  oiagnitudcs  and  numbers,  vee  do  not 
ebcafjc  the  necessity  of  hypothecs  m>t  better  founded  than  that  of 
the  random  distribtition  of  the  directions  of  the  motions.  It  must 
be  DuHiig  to  this  srarcity  of  data  aud  to  the  hypotheses  introduced 
that  Seeliger  has  brought  out  a  bw  of  the  densities'  which  aetro- 
notuers  will  hardly  be  inclined  to  accept  without  strong  further  cou- 
finnation,  because  it  usaigns  to  the  aun  a  very  exceptional  place  in 
I  he  Bjntpni. 

Wliat  then?  Must  we  be  content  to  ait  abaolutelj  idle,  aaying  that 
the  time  baa  not  oorne  to  make  a  bi'ginning  ? 

\STiat  astronomer  of  the  present  day  will  feel  inclined  to  have  this 
view? 

I  think  that  we    are  perfectly  justified  in  atJirtirg  from  an  hypo- 
rtbaida  which  haii  already  won  its  spurw,  whirh  haK  not  been  shown 
clash  with  obsen'ed  facts,  and  to  develop  itit  conttecjuencei  to  the 
utmoBt. 

If  in  doing  thi.s  we  continue  to  be  able  U*  represent  all  the  known 
facts,  our  confidence  in  the  liyptithtJsiM  will  have  been  flfrengthened, 
and  we  may  use  it  with  a  lighter  heart  in  further  research. 

If,  on  the  other  hand,  we  are  thus  led  into  evident  contradiction 
with  the  observations,  the  hypothesis  will  still  not  have  been  unpro- 
ductive. Tor  it  will  have  called  our  attention  to  anomalies,  the 
(knowledge  of  which  will  be  helpful  in  replacing  our  hypothesis  by 
Jther  which  will  embrace  them.  Such  annmalies  have  indeed 
shown  thenijelves  earlier,  and  to  a  far  grcat«r  amount,  than  I  had 
expected. 

In  trying  to  derive  the  law  of  the  velocities,  antl  again  in  trying 
to  apply  the  method  separately  tu  the  Milky  Way  and  to  other 
'regions,  anomalies  weiT  found  which  in  the  end  turned  out  to  have 
Pa  very  systematic  character.     Tliis  systematic  character  is  so  pro- 
nounced that  it  is  in  the  highest  degree  surprising  that  they  have 
escaped  notice  so  long. 

Still,  as  fur  as  I  know,  auch  is  the  fact,  with  a  single  exception. 
To  Kobold  belongs  the  honor  of  having,  as  early  as  1895,  ealled 
attention  to  a  fact  which  proves  that  our  fundamental  hypothesis 
must  very  sensibly  deviate  from  the  tnith.and  which,  if  he  had  tried 
to  scpaTAtc  it  more  effectively  froni  the  effect  of  the  solar  motion, 

'  Sec  Bftrai'klungen  t'di.  die.  rduml  VerlfuiL  da  FixttmK.     Abh.  der  k.  Ijnjcr. 
[Abh-dCTWiw.  ti,  CI.  xix,  Ud.  in,  Abtb.  page  003. 
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would  probably  have  led  tiini  to  the  same  conclusion  which  I  am 
now  «bout  fo  submit  to  you. 

In  order  to  show  rlearly  the  anomaly  in  the  distribution  of  the 
proper  motions  here  alluded  to,  it  will  be  necessary  to  call  to  mind 
how  this  distiibution  muot  present  itself  if  uur  fiindflmental  hypo- 
tbeeis  is  really  satiaficd. 

For  this  purpose  ooDdidi>r  a  great  nuniber  of  stara,  very  near 
each  other  on  tht  sphere.  For  the  sakt-  of  convpnii^ncc  we  shall 
beauUM!  Ihein  tu  be  all  »ituntcd  in  the  sam*?  point  S  (sen  page  399. 
Fig.  1 ,  P)  of  the  sphere,  though  not  at  the  same  distance  from  the  solar 
system. 

The  peculiar  proper  motion?  of  these  stare  shall  be  distributed 
somewhat  in  the  manner  indicated  in  Fig.  I,  P.  No«-,  as  explained 
before,  if  we  eonipoac*  tht^  peeuliar  motiona  SB,  SC,  with  iht  paral- 
lactic inotiotiH  which  are  all  directed  along  -Sr,  we  get  the  really 
observed  motions  Sb,  Sc  —  which  have  been  represented  in  Fig.  I,  Q. 

From  this  it  must  be  e^dcnt  that,  wherena.  acL-urding  to  our 
fundamental  IiypotheBiB.  the  distribution  of  the  pi-culiar  proper 
motions  will  be  radially  symmetrical,  this  symnn-lry  will  l>e  de- 
stroyed for  the  observed  proper  motiouB.  TherH  will  be  a  strong 
preference  for  motiunti  directed  towards  the  Antapex  (see  Fig.  1,  Q). 
One  thing,  however,  must  be  clear,  and  we  want  no  more  for  what 
follows;  it  is:  that  there  «iU  remain  a  bilateral  symmeiry,  the  line 
of  symmetry  bring  evidently  the  line  a  Sx  throush  the  Ajicx,  the 
atJir,  and  the  Antape.\, 

Near  to  thia  line,  on  the  Antapcx  side,  the  proper  motions  will  be 
tnost  numerous,  and  they  wilt  be  gn-ater  in  amount. 

niis  evident  condition  of  bilateral  symmetry  furnishes  probably 
the  best  means  of  determining  the  position  of  the  Apex. 

For  if,  fmm  all  our  data  about  pniper  uiotiuns,  we  determine  tbeae 
linea  of  synimrlry  for  several  poiiit{<  of  the  sky  and  j>n>long  them, 
they  muai  all  intenH-ct  in  two  points  uhich  arc  no  other  than  the 
Apex  and  Antapex. 

!n  trying  W  reitlize  this  plan  wo  meet  with  the  difhcultv  that  we 
do  not  find  in  reality  any  such  perfect  symmetry  as  our  hypothesis 
demands.  For  the  lines  of  symmetry  we  have  to  substitnte  lines 
giving  the  nearest  approach  to  symmetry.  Their  position  will  depend, 
at  least  to  a  certain  extent,  on  what  wc  chouse  tu  cunaidur  as  "the 
neM<e«t  approach  to  symmHry." 

If  wc  call  the  demanded  line  of  symmetry  the  axi3  of  the  x,  Ibe 
lice  at  right  angles  thereto  the  axis  of  the  y.  then  we  may,  for  in- 
stance, define  the  line  of  greatest  ir\'minetry  to  he  that  which  makes 
rero  the  mini  of  the  ?/'?. 

The  line  of  symmetry  furnished  by  this  dcfinitinn.  if  prolonged,  will 
not  pa&s  through  a  single  point;  thoy  will  all  cross  a  certain  more  or 
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leas  extended  area,  the  centre  of  gravity  of  which  might  be  takeu  as 
ih«  most  probable  position  of  the  Apex. 

The  position  of  the  Apex  being  oupe  determined,  if  we  draw  the 
great  circles  Apex  —II;  Apex  —III  (aee  Fig.  3),  and  take  these  ss 
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the  axes  of  the  j  for  the  points  II,  III,  .  .  .  then  if  our  fundamental 
hypothesis  is  approximately  true,  we  must  6nd  the  condition  of 
s>'mmetr>'  2*1/ ^=0  .tati»ficd,  with  a  certain  degree  of  appn>ximation 
for  all  the  points  11,  III  .  .  . 

Not  only  that,  but  we  ahall  have  further  to  expect  that  any  other 
eondition  of  symmctrj'  will  be  also  approximately  fulfilled  for  every 
point.  Such  another  condition  will  be,  for  ini^tanre,  that  on  both 
sides  of  the  great  circles  through  the  Apex  the  total  quantity  of  proper 
motion  ^hatl  be  the  flame;  or  again  that  Xz  shall  be  the  same  on  both 
ndeti  of  these  cirolca.  How  the  first  of  these  conditions  is  satisfied  is 
shown  ia  Fig.  3. 

This  figure  i^ummnrizcs  the  more  important  points  in  regard  to 
the  question  in  hand,  furnished  by  a  treatment  of  the  stars  observed 
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completely  by  Bradley  (over  2400  stare).  They  are  distributed  over 
two  thirds  of  the  whole  of  the  aky.  This  surface  has  been  dix-ided  up 
into  28  arena.  From  the  stars  coatained  on  each  area  I  have  derived 
the  distributioD  of  the  proper  motions  corresponding  to  the  centre 
of  the  area.  How  this  was  done  need  not  be  here  explained.  The 
whole  of  the  materials  were  thus  embodied  in  2S  figures  like  thone  of 
Fig.  3. 

Not  tooverburden  this  figure,  I  have  only  included  ten  of  the  figures 
for  which  the  phenonicnoo  to  which  1  wiah  to  draw  your  attention  is 
moKt  marked. 

It.  is  vcrj-  suggestive  that  these  lie  all  near  to  the  poles  of  the 
Milky  Way. 

The  figures  have  1>ecn  coiutructed  us  follows.  A  line  haa  been 
drawn  making  the  angle  of  15"  with  the  great  circle  through  the  Apex, 
the  length  of  which  repreMent^  the  sum  of  all  the  proper  motions, 
making  angles  of  between  0°  and  30*  with  that  cirtlc. 

In  tlic  same  nay  the  radius  vector  at  45"  represents  the  sum  of 
all  the  motions  between  30"  and  GO",  and  so  on. 

For  the  sake  of  uniformity  nil  the  results  have  been  reduced  to 
what  they  would  have  been  had  the  total  number  of  stars  been  the 
same  for  all  the  28  areas.  Thnt  part  of  the  figure  lietween  Ihe  nulii- 
vectors  making  angles  of  zero  and  -60",  +fiO''and  +1X0".  have  been 
blackened. 

The  position  adopted  for  the  Apex  is  practically  that  found  by 
a  variety  of  methods,  all  more  or  lees  akin  to  that  described  a  moment 
ago. 

If  OUT  fundamental  hypothesis  were  fiatisfied,  and  if,  in  con- 
sequence thereof,  the  symmetry  of  our  figures  were  complete,  the 
blackened  parts  of  the  figure  would  have  been  equal  to  the  correspond- 
ing lighter-tinted  parts.   CThis  ideAl  case  is  represented  in  Hg.  \,R.) 

The  real  state  of  things  is  something  quite  different,  and.  what  is 
all -important,  we  see  at  once  that  the  divergences  are  strikingly 
syBtematic.  The  figureB  at  ea(!h  pole  of  the  Milky  Way  show  tbem  in 
nearly  every  jiarlicmlar  of  the  same  L-haracier.  Near  the  North  Pole 
the  blackened  parts  are  invariably  much  greater;  at  the  South  Pole 
the  case  is  reversed. 

At  a  first  glance  the  difference  of  the  more  extensive  parte  on  the 
aide  of  the  Antapex  is  probably  more  conspicuous.  As  a  matter  of 
fact,  however,  the  difference  between  the  smaller  parts  is  by  no  mcftiu 
less  important. 

For  msny  of  ynu  the  way  in  which  the  second  of  the  above  con- 
ditions is  fulfilled,  or  rather  not  fulfilled,  will  be  ntill  more  convincing. 

For  each  of  the  2S  reRton-s  the  menu  viihie  of  the  x  component 
of  the  proper  motions  has  been  computed,  sepuxatftl}'  for  tbofo  lying 
on  the  two  sides  of  the  great  circle  through  the  Apex.    Lot  Xj,  f^ 
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denote:  mean  z  of  the  proper  motions  to  the  right,  nsp.  to  the 
left  of  the  great  circles  through  the  Apex. 

[f  there  were  real  symmetry,  the  two  ought  to  show  icsigiufieaiit 
differences. 

The  following  table  rfiows  the  actual  valueof  the  differences.  Mean 
values  were  computed  far  different  Rsiluctie  liilitudes  by  combiniug 
the  results  of  regions  at  equal  distance  from  the  Milky  Way. 

Mean  vahu  oj  X/f  —  Xi  (centenniat  vwtiona). 


\Apa  A 

OaLtat.X        D   , 

273»6 

291 

270 

■t-29 

+  34 

+  19 

-40"  to  -90' 

+  4*.2 

+3'.6 

+3*2 

-20    to  -39 

+2  .2 

+  1  .6 

+2.4 

0   to  - 19 

+  1  .8 

+  1  .2 

+  1  .4 

+  1    to  +20 

0  .0 

-I  .0 

+0  .3 

+21    to  +40 

-2  .4 

-2  .5 

-1  .7 

+41    to  +30 

-4  .8 

-3  .8 

-4  .9 

Mean  absolute  value  of  x=3*7. 

Thi«  table  has  been  separately  derived  for  stars  of  Sccehi'e  first 
and  eceond  type,  nnd  for  those  whose  spectrum  bae  not  yet  been 
detennioed.  The  result  has  been  praiitieally  the  same  for  all.  Also 
the  other  component  of  the  proper  motionn.  at  right  angles  to  the 
former,  has  b«jca  iaveetigatcd.  Uivergences  arc  shown  of  a  similar 
character.  Finally  in  the  distribution  of  the  numbers  of  proper 
motions  over  the  four  quadrants,  the  plienomciion  is  as  evident  aa 
it  is  in  our  table  of  the  x's.  About  its  reality  there  thus  cannot  be  the 
sltghtent  doubL 

To  what  IS  it  to  tie  attributed?  The  amount  of  the  divergences 
summarized  in  Fig.  3  and  in  our  table  in  no  ennminu!;  that  an  ex- 
planation of  them  by  an  uncertainty  of  the  precesnlon  or  almut  the 
systematic  corrections  required  by  Bradley's  observations  is  at  oncft 
excluded.  J3c8idcs,  for  both  these  elements,  the  best  availnble  values 
have  been  used. 

More  probable  seems  an  error  in  the  adopted  position  of  the  Apex. 
A  glance  at  our  Fig.  3  may  even  perhaps  seem  to  favor  such  a  view, 
though  a  clo.<>er  examination  will  show  that  by  displacing  this  point 
we  shall  certainly  not  succeed  in  making  the  phenomenon  disappear. 
To  show  this  more  convincingly  I  have  repeated  the  calculatione  on 
which  our  last  table  rests  for  two  other  positions  of  the  Apex,  one 
differing  widely  in  Right- Ascension,  the  other  in  Declination.  The 
results  are  shown  in  the  table.  They  are  practically  the  same  ns  before. 

Or  have  we  to  do  with  a  common  motion  of  (he  whole  of  the  stars 
which  have  contributed  to  any  one  of  our  figures?    Such  an  cxplan- 
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ation,  too,  taih.  Systcnmtic  motion  of  this  kind  will  make  the  lines 
of  ttyinniL-tr>'  diverge  frnm  the  great  circlee  through  the  Apex.  I 
therefore  investigated  what  becomes  of  our  reeults  U ,  for  each  of  our 
28  arcds.  I  took  for  the  line  of  symmetry,  not  the  great  circle  through 
the  Apex,  but  the  lino  which,  for  everj*  particular  area,  satisfied  rig- 
orously the  condition  ^"^=0, 

Even  with  regard  to  these  lines  the  character  of  the  phenomenon 
as  shown  by  our  table  is  not  changed.  This  proves  the  iiiadmisaibility 
of  an  explanation  by  local  common  motion.  As,  moreover,  in  tim 
case  the  adopted  position  of  the  Apex  plays  no  part  whatever,  it 
provest  even  more  conclusively  than  the  preceding  consideration, 
that  the  plienomenon  exists  independently  of  errors  in  the  detennin- 
ation  of  the  Apex. 

In  order  to  find  out,  then,  what  may  be  the  real  cause  of  it,  I  finally 
act  to  worlt  ax  follows:  — 

i  took  in  hand  first  the  distribution  of  the  numbers  of  the  proper 
motions  over  the  angles  of  position  counted  from  the  line  towards 
the  Antapex.  The  results  found  for  all  the  regiong  lying  neariy  at  the 
Bame  or  at  supplementary  distances  from  ihe  Ajiex  (results  which 
would  have  been  identical,  had  our  fundamental  hypothesis  been 
satisfied)  were  then  combined.  So,  for  instance,  were  the  results  of 
12  such  areas  ii«  thoBc  of  Fif;-  S,  of  which  the  sine  of  the  dL-^tance  from 
the  Ape.\  lies  between  0.90  and  l.OO,  Gummahzed  in  a  single  set  of 
results.  This  set  proved  to  be  all  but  perfectly  symmetrical  and  duly 
gave  the  maximum  frequency  for  the  direction  towards  the  Antapex. 
For  these  reasons  1  felt  myself  justified  in  provisioually  adopting 
the  set  as  representing  the  normal  distribution  for  tlie  corresponding 
distance  from  the  Apex.  That  is.  I  supposed  that  this  distribution 
would  nearly  represent  the  distribution  corresponding  to  a  set  of 
proper  motions  reaJly  fulBlUng  the  fundamental  hypothesis,  cleared 
of  the  inequnlities  which  it  is  our  purpose  to  fiml  out. 

In  the  pos^^ession  of  this  normal  distribution  we  now  at  onee 
obtain  these  inequalities  separately  l)y  lumply  Hubtracting  the 
normal  numlier  from  the  corresponding  ones  found  directly  from 
obsen'iitinn  for  the  separate  regions. 

It  thus  appeared  that  these  inequalities  consist  in  a.  manifest 
excess  of  proper  motion.'*  in  certain  determinate  angles  of  position. 

These  favored  directions  have  been  cnrefully  determined  for  each 
of  our  28  areas.  The  greater  port  of  them  clearly  show  two  favored 
directions;  for  a  minority  but  one  of  the  maxima  is  well  developed. 
Knt«ring  these  favored  directions  on  a  globe,  it  appeared  at  once 
that  Ihey  all  converge  with  considerable  approximntion  towaids 
.two  points  of  the  sphere.  Here  we  have  a  dear  indication  that  we 
have  to  do  with  two  star-streams  pnrullel  to  the  lines  joining  our 
solar  system  with  these  two  points. 
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A  somewhat  different  (roiiBiderHtion,  though  also  not.  quite  rigoroun, 
may  help  to  make  the  character  of  the  phenomenon  still  more  evident. 
The  separate  figures  for  Die  several  areas  of  Fig.  3  show  that  the 
symmetry  line  of  the  direct  motions  (calling  direct  the  motions 
away  from  the  Apex)  does  not  generally  coincide  with  that  of  the 
tetrogrsde  motionti. 

The  symmetry  lines  nf  the  direct  motions  can  evidently  be  de- 
termined with  coQsidcrabte  precision.  It  appears  that  they  con- 
verge very  nearly  to  a  single  point  of  the  sphere.  This  point  is  some 
20  degrees  away  from  the  Antapox.  The  symmelTy  lines  of  the 
retrograde  motions  cannot  be  determined  with  the  same  accuropy. 
Still  these  too  ponverge  with  Bomo  npproximatiou  towards  a  single 
point,  some  75  degrees  away  from  the  Apex, 

From  Fig.  3  uuiy  he  judged  with  what  approximation  the  sym- 
metry lines  coQverKC  tii  the  sunic  points.  Tlic  open  arrowheads  on 
the  side  of  the  direct  motions  all  point  to  absolutely  the  same  point 
of  the  sphere.  Similarly  the  arrowhofids  on  the  side  nf  the  retro- 
grade motions.  These  arrowheads  woulrl  pnnipletely  eoiiicide  with 
the  lines  of  symmetry  if  these  indeed  accurately  intersected  in  one 
point  of  the  sphere. 

The  divergence  is  quite  small  for  the  direct  motions,  and  satisfac- 
tory for  the  retrograde  ones. 

We  thus  in  reality  have  determined  the  Apes  of  the  solar  motion 
separatffly  from  the  stJirs  having  direct  motion  and  from  those 
having  retrograde  motion.  Instead  of  finding  the  same  point  (or 
oppoMte  points),  we  find  two  points  lying  about  125"  apart. 

Wc  will  conclude  that  there  are  two  sets  of  stars.  The  motion  of 
the  sun  relative  to  the  mean  (the  centre  of  gravity)  of  Iho  one  set 
differs  from  that  relative  to  the  other  set. 

It  follows  that  the  one  set  of  the  etaxs  must  have  a  systematic 
motion  relative  to  the  other. 

Owing  rxt  the  not  rigorous  ohnrneter  of  the  methods,  the  two  points 
of  convcriience  foimd  in  the  two  ways  just  described  differ  not  in- 
considerably. The  mean  of  the  two  determinations  gives  for  the 
position  of  the  one  a  point  7  degrees  south  of  a  Orionia,  for  the  other 
a  point  a  couple  of  degrees  south  of  9  Sagittarii,  We  may  accept 
the  directions  towards  these  points  as  a  first  approximation  for  the 
direction  of  the  two  star-fitrennis.  That  Ibey  may  be  found  to  be  still 
considerably  in  error  matters  little. 

But  it  is  important  to  note  that  the  directions  are  only  apparent 
directions,  that  is,  directions  of  the  motions  relative  to  th€  solar  sys- 
tem. 

If  it  is  tnie  that  two  directions  of  motion  predominate  in  the 
stellar  world,  then,  if  we  refer  all  our  motions  to  the  centre  of  gravity 
of  the  system,  these  two  main  directions  of  motion  must  be  in  reality 
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diainctrically  oppoBite.  For  the  sake  of  brevity  I  sbftll  call  the  points 
of  the  sphere  towari!  which  the  star-streams  eeom  to  be  directed 
the  x€rtic<:s  of  the  stellar  motion. 

The  appuxent  vertices  were  thus  provisionally  found  to  lie  south 
of  a  Oriciiiis  and  ij  >Sagittani.  Knowing  with  flome  approximation 
both  the  velocity  of  the  sun's  motion  and  the  mean  velocity  of  the 
stars,  it  is  easy  to  derive  from  the  apparent  position  of  the  vertices 
their  true  position,  which  must  lie  at  diametrically  opposite  points 
of  the  sphere. 

Having  once  got  what  I  considered  lo  be  the  clue  to  the  system- 
atic divergences  in  the  proper  motions,  and  having  at  the  same  time 
obtained  an  approximation  for  the  position  of  the  vertices.  I  have 
made  a  more  rigorous  solution  of  the  problem. 

The  existence  of  two  main  stream-lines  does  not  imply  that  the 
real  motions  of  the  stars  are  all  exclusively  directed  to  either  of  the 
two  wrtices;  there  only  is  a  decided  preference  for  these  directions. 
1  have  assumed  that  the  frequency  of  other  directions  becomes 
regularly  smaller  as  the  angle  with  the  main  stream  becomes  greater, 
according  to  the  most  simple  law  of  which  I  could  think,  which  makes 
the  chnugo  clepeiidcnl  on  a  single  conslimt. 

I  have  as  yet  uuly  finiebed  a  first  approximation  to  this  solutioo. 
The  result  is  that  one  of  the  vertices  lies  very  near  to  f  Orionis. 
(a,„(,=^tl"2":  (5,,,.=  +]3°5).  The  other,  diametrically  oppoeite.  is 
not  near  any  bright  star.  Tliey  have  been  represented  by  the  letter 
V  in  Fig.  3.  They  lie  almost  exactly  in  the  central  line  of  the  Milky 
Way.  Adopting  Gould's  coordinates  of  the  pole  of  this  belt,  I  find 
the  galactic  latitude  t.n  be  two  degrees.  I  shall  pass  over  the  other 
quantities  involved.  I  shall  only  mention  that  the  way  in  which 
I  ronducLed  the  solution  jHiintji  to  the  conclusion  that  all  tite  stan 
without  exception  belong  to  one  of  the  two  streams. 

To  my  regret  I  cannot  give  th«  detailed  comparison  of  theory 
and  ob8er\ation.  because  the  detailed  dctcnoi nation  of  the  distri- 
bution of  the  pro(x?r  motions  from  the  data  of  our  solution  is  such 
a  lubnrinus  question  that  1  have  not  yet  made  it,  and  nould  rather 
defer  it  till  the  real  existence  of  the  Ktreams  shall  have  been  put 
beyond  reasonable  doubt  by  other  observations  presently  to  be  con- 
sidered. I  shall  nnly  state  that  by  this  provisional  mlution  the  total 
amount  of  dissymmetry  for  our  2S  regions  is  reduced  for  the  x  com- 
ponents as  well  as  for  the  y  components  to  about  a  third  of  the 
amount  they  reach  in  the  hypothesis  of  the  raniiom  diBtribution  of 
the  directions.   Moreover,  tliey  have  lost  their  systematic  character. 

The  observations  alluded  to  are  those  of  the  radial  velocities. 

I  suspect  that  the  materi.ils  for  a  crucial  test  of  the  whole  thcf>r>- 
by  means  of  these  radial  velocities  are  even  now  on  hand  in  the 
ledgers  of  American  astronomers.  .Mae,  not  yet  in  published  fonn. 
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It  is  thix  fact  whkh  has  restrained  me  till  now  from  publishing 
aoyUung  ubout  these  systematic  motions,  which  in  the  main  have 
been  known  to  mo  fur  two  yoarg. 

If  I  do  not  heatate  to  publi&h  them  now,  it  is  in  tbe  hope  of  elicit- 
ing these  spectroscopic  djitfi,  without  which  a  further  <leveh)pment 
of  the  theor>'  '"id  perhaps  better  come  to  a  standfltill. 

If  these  spectroscopic  observationa  confirm  the  theory,  we  may 
tdfcly  go  on. 

If  ihcy  do  not;  they  will  undoubtedly  help  to  find  the  true  cxplan- 
ttion  of  the  diseyininetries  summarized  in  our  figures^  the  real  exist* 
enceof  whichisout  of  the  question.  Further  labor  devoted  to  a  false 
theory  would  be  thrown  away. 

In  the  mean  while  it  aeems  well  worth  the  trouble  to  see  what 
evidence  can  already  be  got  on  the  question,  even  from  the  scanty 
materials  which  have  become  public  property. 

Unfortunately  we  here  meet  with  some  difTiculltes,  which  siugu- 
lariy  diminish  the  value  of  any  conclusions  that  might  otherwise 
still  h»ve  considerable  weight. 

First,  we  have  to  exclude  a  relatively  large  number,  which,  prob- 
ably or  certainly,  do  not  give  a  fair  idea  of  the  whole.  As  such  1  con- 
sider the  etars  only  obser\'ed  becauee  of  their  excessive  astronomical 
proper  motion,  or  selected  from  a  targer  liHt  on  account  of  excep- 
tionally large  velncity.  Further,  the  Orion  stars  whivh  seem  to  be 
nearly  at  rest  in  eipace;  their  relation  to  the  system  must  be  isume- 
what  exceptional. 

What  remains  are  78  stars.  !  have  added  46  spectroscopic  binaries, 
though  the  true  velocity  of  their  centres  of  gravity  has  been  deter- 
mined only  in  a  few  cases.  I  wag  mostly  compelled  to  adopt  as  such 
the  mean  of  the  greuteflt  and  smallest  of  olisorved  vcIocitieB. 

Small  though  the  collection  lie,  it  still  offers  one  formidable  diffi- 
culty; Great  part  of  it  belongs  to  the  verj'  brightest  stars  in  the  sky. 
For  these  Campbell  has  discovered  the  most  inijiortant  fact  that  they 
have  smaller  motions  than  the  mean  of  Ihe  fainter  etare. 

What  may  be  the  cause? 

Light  wilt  lie  thrown  thereon  if  more  ample  data  confirm  what  I 
found  from  my  sciinty  store,  apparently  even  more  decisively  than 
Campbell'-t  phenomenon,  vis.,  that  these  stars  also  lead  to  a  very 
email  velocity  of  the  solar  .system.  For  thiswould  make  us  conclude 
that  the  tstuTM  nearest  to  the  solar  system  partly  participate  in  its 
motion.  The  concluMnn  is  strengthened  by  various  confu derations 
into  which  time  docs  not  allow  me  to  enter  now.  On  the  other  hand, 
there  are  very  serious  though  perhaps  not  insuperable  objections, 
which  would  rather  mnko  us  seek  an  explanation  in  quite  another 
quarter  and  which  at  least  compel  us  to  wait  for  further  confirm- 
ation. 
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But,  whatever  may  be  the  cauee  of  the  phenomenon,  whether  U 
be  cosmipal  or  even  odIv  inslrupiental,  we  must  expect  that  the 
spectroscopic  obsen'atJons  of  the  bright  etars  will  show  the  phenom- 
enon of  the  star-streams  less  strongly  than  will  the  observations  of  ■ 
fainter  stars;  and  as  our  list  is  made  up  in  great  part  of  such  bright 
objecta  we  muat  expect  to  Bad  their  inllueuce  shown  in  a  somewhat 
lees  marked  degree  than  we  should  be  led  to  imagine  from  the  con- 
sideratioua  of  this  lecture,  which  are  baiwd  on  the  whole  of  the  stars 
down  to  the  ninth  magnitude. 

Now  this  is  just  what  we  find  to  be  the  case. 

1  find,  arranging  in  order  of  the  distances  from  the  nearest  of  the 
vertices : 


Reid  veloctiy  in  Ihe  line 
(Kitom.  pro  sec.) 

of  eigfU 

i 

Jftsn  ttitt.  from 
nmrrvt  vrrtez 

Aba.  vcioc. 

JVumter 
of  atari. 

Tktar. 

1X827  X 
Tluw. 

31° 
79 

17.37 
13.78 
H.16 

(49) 
(30) 
(45) 

21.75 
16.08 
13.13 

17.99 
13.22 

10.87 

Mean 

Amplitude 

14.25 

6.21 

17.23 
8.60 

14.25 

The  phenomenon  is  clearly  shown.  The  observed  numbers,  how* 
ever,  are  only  nearly  83  per  eont  and  the  observed  amplitude  but 
72  per  cent  of  the  theoretical  value. 

A  email  hut  independent  contribution  is  furnished  by  nine  stars, 
of  which  the  radial  velocity  has  been  published  on  account  of  its 
unusually  l.irge  amount.  If  our  theory  is  correct,  the  largest  radial 
motions  must  be  far  mure  numerous  near  the  vertices  than  at  a 
greater  distance. 

The  nine  stars  in  question  are  more  thickly  crowded  (if  such  a 
word  may  be  used  of  bo  small  a  number)  within  43  degrees  from  the 
vertices  than  in  the  rest  of  the  sky,  in  the  proportion  of  three  to 
one. 

Taking  tlie  evidence  for  what  it  is  worth,  we  may  say  that  it  con- 
firms the  theory.  Thu  pnxif  is  not  convincing,  hnwever,  and  I  wish 
to  express  the  hope  that  Ihnse  who  are  in  the  position  to  teat  the 
whole  tlieory  by  more  extensive  and  more  reliable  materials  will  not 
neglect  to  do  so. 

A  few  hundreds  of  stars  not  pertaining  to  the  Orion  stars  and  fainter 
than  magnitude  3..5  mn^t  probably  be  sufficient  for  the  purpow.  Even 
if  the  teat  is  fairly  stood,  we  have  certainly  to  see  in  the  present 
theory  no  more  than  a  second  approximation  to  the  truth.  We  shall 
have  to  develop  its  ulni()st  consequences. 
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If  we  do  Uiis  the  time  will  probably  come  when  we  shall  again  be 
led  to  evicleot  discord  with  observation.  The  discordiince  will  poiat 
the  way  to  a  modified  theory,  which  will  be  accepted  ns  a  third  ap- 
proximatioD.     We  must  thus  come  nenrer  and  nearer  to  the  truth. 

The  theory  thus  may  undergo  a  series  of  changes  but  Uie  principle 
must  remain  unaltered:  out  ditlaticfs  shall  be  mfottired  by  Uu 
paratlaetie  motion. 

Meanwhile,  tu  order  to  give  a  solid  basis  to  such  theories,  we  u-aut 
new  data. 

In  my  opinion  the  most  decisive  advantage  of  such  theories  as  the 
above,  defective  though  they  luay  still  be,  lies  for  the  preaent  moment 
in  thia,  that  they  point  out  which  are  the  data  most  wanted  for  the 
further  development  of  our  knowledge  of  the  structure  of  the  universe. 
They  put  definite  problems  for  the  isolulioii  of  which  definite  data  of 
observation  are  wanted.  The  practical  aatronomer  may  thus  find 
reliable  guidauce  in  the  preparation  of  hie  working  progranmie. 

Tliis  is  not  the  place  to  inquire  into  what  these  desiderata  may 
be.  StiU  even  this  lecture  has  brought  us  more  than  once  face  to  face 
with  difficulties  which  for  their  satisfactory  solution  demand  obser- 
vational data  for  very  faint  sIhth. 

Their  number  ia  uo  enormouM  that  their  complete  observation  is 
out  of  the  ciueatiun.  Happily  the  purposes  of  statistical  investigation 
are  nearly  a»  «t11  served  by  specimens  bo  cboaen  Uiat  we  may  safely 
admit  that  thyy  arc  reprcacntativc  of  the  whole. 

Photography  will  help  enormously  in  obtaining  such  specimens. 

Specimens  giving  the  number  of  stars  of  the  several  photometrically 
delined  magnitudeR. 

Specimens  giving  proper  motion*. 

Specimen-s  giving  the  rluwi  of  the  spertrum  and  the  radial  velocity 
of  stATS  of  as  many  different  niagnitudca  aa  are  accesaible  to  our  ob- 
ser^'ations.  Last,  not  least: 

Specimens  giving  parallaxes. 

About  thcee  Inst  1  may  perhaps  lie  permitted  to  add  a  few  words, 
bearing  on  the  importance  of  statistical  investigations  such  as  were 
treated  in  this  lecture. 

There  is,  I  think,  a  very  general  and  very  natural  feeling  that  the 
science  of  the  stars  will  lack  a  truly  eolid  ba«s  as  long  as  it  is  not 
founded  on  direct  determination  of  distance. 

Mathematically  speaking,  this  may  be  eo. 

Practically  I  think  we  may  be  slightly  less  exacting  without  serious 
risk.  At  all  event's,  we  mu$i  be  less  exacting  if  we  wish  to  advance 
at  all. 

For  the  great  majority  of  the  stars  must  certainly  have  parallaxes 
far  below  0*01.  Granting  for  the  moment  that  we  need  not  desp^r 
of  measuring  such  small  quantities,  even  for  individual  stars,  it  will 
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certainly  only  be  on  the  condition  that  wc  seek  to  obtain  relative 
paralluxea.  For  who  will  dare  to  prophesy  that  we  shall  be  able  lo 
measure  absolute  paralliixen  of  such  an  amount  in  many  centuries 
to  come? 

Still,  it  is  abfiolute  parallax  we  want.  Therefore  the  diflirulty  will 
remain:  how  arc  wc  to  get  at  the  parallax  of  the  .stars  of  comparison? 

In  my  conviction  the  part  lo  be  acted  by  direct  detenniDutton  of 
paraUax  in  our  investigations  about  the  general  structure  of  the 
ajrstem  will  be:  to  furnish  the  most  powerful  and  most  reliable  check 
on  the  results  of  the  atatistical  methods. 

These  methn4is  furnish  absolute  parallaxes. 

For  the  bulk  of  the  stars  the  task  of  the  direct  determination  of 
parallax  will  lie  to  decide  whether  or  no  they  lead  to  the  tnte  differ- 
ences nf  parallax. 

For  them  it  cannot  do  more,  and  the  task,  as  it  is,  is  already  by  do 
means  a  light  or  an  unworthy  one. 

It  bocomes  enormously  more  diflieulr.  if  we  take  into  conei deration 
that  very  small  but  interesting  part  of  the  .stars  for  which  it  can  do 

We  shall  Iwabletn  measure  directly  abaolute  parallaxes, practically 
independent  of  any  theory,  for  the  Btara  nearest  to  the  solar  5>*stem. 
Where  the  parallax  exceeds,  say,  0*05,  the  uncertainty  of  the  dis- 
tance of  the  stars  of  comparison  will  be  practically  iiieinnificant.  11 
oidy  due  care  is  taken  as  to  the  number  and  choice  of  these  stars. 

The  number  of  stars  brighter  than  the  tenth  magnitude  within 
the  distance  corresponding  with  this  parallax  moy  be  evaluated  at 
some  two  thousand. 

It  will  be  a  noble  and  still  not  over-heavs'  task  to  dctennine 
directly  the  parallax  of  these  stars.  This  determination  would  furniBh 
a  foundation,  independent  of  any  hypothesis,  for  the  asl  ronomy  of  the 
regions  of  the  stellar  world  nearest  our  terrestrial  abode. 

The  main  difficulty,  however,  lies  not  in  this  determination.  More 
difficult  it  will  be  to  find  out  which,  among  the  million  stjira  brighter 
than  the  tenth  magnitude,  are  the  two  thousand  stars  to  be  meas- 
ured. 

I  have  tried  to  show  elsewhere  that  even  this  difficulty,  great  as  it 
undoubtedly  is,  may  be  overcome  without  overtasking  the  practical 
astronomers  of  the  present  day.  Since  that  time  the  kindness  of 
several  scientific  men  has  enabled  me  to  ascertain  that  by  iwiog 
telescopes  of  longer  focus  the  work  may  be  diminished  l-a  a  third  or 
less  of  what  it  would  demand  with  eciie  du  eitt  instrumente.  So  in 
this  directian  also  the  future  looks  hopeful. 

At  the  end  of  this  too  long  lerture  I  hope  you  will  agree  with  the 
conclusion : 

Time  has  come  to  undertake  a  general  attack  on  the  myaterioua 
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land  of  the  stars.  The  enterprise  U  no  doubt  a  very  arduoun  one.  It 
will  require  unity  of  s<;ientilii:  effort.  Given  tlmt  unity,  however. 
towartU  which  these  congresses  must  powerfully  contribute,  hope  is 
brighter  now  than  it  was  ever  before.  We  may  be  certain  of  import- 
ant results.  No  doubt,  aa  soon  as,  with  the  combined  power  of 
acienlific  men,  vte  penetrate  into  the  promiised  land,  new  difHcultieR 
ivill  be  met,  new  problems  will  arise,  which  will  require  modifications 
in  the  plnn  of  cfimpuitcn.  If  it  were  not  no,  the  struggle  would  soon 
lose  its  fascinating  churm. 

On  the  other  hand,  every  inch  of  firm  footing  gained  will  facilitate 
further  openitionB. 

We  may  be  sure  that  new  and  unexpected  points  of  view  will  open 
OQ  eveiy  nde.  Such  is  the  richness  of  nature  that  the  experience  of 
Saul,  who  went  out  to  look  for  hia  father's  asnen  and  found  a  king- 
dom, is  rather  common  in  scientific  rcnetirch.  Already  now  that  a 
b^jnning  has  been  burdly  made,  thoro  is  promise  that  it  will  be  so  in 
the  present  cnso. 

For,  if  it  be  true  that  the  atellar  Hyetem,  as  we  know  it,  consista 
of  two  streams  coining  from  widely  separate  regions  of  infinite  space, 
and  if  we  find  no  generic  difference  between  the  members  of  the  two, 
either  in  their  chemical  compoEation  or  in  their  motiona,  then  flurely 
we  shall  have  come  a  step  nearer  to  the  full  conviction  of  unity  of 
nature  and  of  its  lawa  throughout  the  universe. 

May  these  congresses  promote  in  this  field  of  work  the  same  cooper^ 
ation  and  emulation  that  they  are  sure  to  bring  about  in  so  many 
other  fields. 


SHORT  PAPERS 

lOFKUOiiR.  G.AiTKSN.of  Lipk  Obscrvatorj'.rwid  «  ptippr  Iwforr  thigSrvtion 
*'0n  Double  Stars,"  particularly  descTibing  tJie  work  in  progrcBs  at  the  Lick 
Oliscrvatiary,  and  muking  some  suggeBtioDs  us  to  the  Unca  of  future  invostigatUMU 
llmt  promise  fiva  litrgest  returns  fur  tiaiv  &nd  tabor  iavefttod. 

Rkar-Adwiral  C.  M.  Cbsot-kr.  T7.  8.  N..  of  ths  TTnttod  StatM  N«val  OtMnrv- 
tory,  r*ed  a  paper  upon  the  work  of  the  Naval  Observatory  at  Tutuila,  Samoa, 
pArticularly  outlinis^  the  work  aasagned  to  thU  Observatory  in  1S96  by  th«  di- 
ivcConof  tlie  nautical  almanacs  of  tho  Uait«d  Stat«a.  Great  Britain.  France,  and 
Uermany  in  th»  obMrvation  of  atara  to  the  Miith  of  the  equator. 

pROPEBSOR  A.  O.  Letiscuner,  of  tho  University  of  California,  r^ad  a  pap^r"  On 
the  Ocnorol  AppUonbility  of  tbo  Sliart  Method  of  Dct«ra>iDing' Orbits  (romThm 
Obaer  vat  loos." 

Profxssor  p.  R.  Uodlton,  of  the  Univiersity  of  Chtcaga,  presented  a  paptv 
OD  "  Th«  RAle  of  Celeatiol  Mechanics  in  Attronomy."  This  paper  wu  divided  sod 
di^uased  under  five  acparate  huds,  aa  follows: 

(1)  The  Scioaoo  of  Astronomy. 

(2)  ConstLtuenoy  of  Thi.-aries. 

(3)  Indirect  Te«U  of  Theorize. 

(4)  Direct  Tests  by  Predictions. 

(5)  R«8ults  Inaccessible  to  Dirfi^t  Observation. 
(6}  Secular  Coasequeiiccs  of  Miaut«  lnfluenc«e. 
(7)  Wlwnoe  and  Whither. 

SufEitiNTBNUKNT  O.  H.  TiTTMAN,  of  the  Coiut  ood  Gcodctic  SuT^Ty,  read  a 
paper  "On  the  Aocurooy  Attained  in  Geodetic  Astronomy."  The  object  of  th* 
pitper  wM  to  state  some  of  the  rMultsof  an  inquiry  into  the  pre«ciit  mcthoda  of 
Geodetic  Aatronomy,  the  term  being  here  uaed  to  include  the  astronomic  obspr- 
vationa  made  for  one  or  mor?  of  four  purpow«:  to  determine  th^  figun  and  rise 
of  tlie  earth,  to  fix  astronouiicuUy  ccrtaia  poinU  ou  a  chart  or  map  in  odruico  of 
coDtinuouB  suneys,  to  &s  pointa  in  a  political  twundary,  or  to  determine  tb« 
variation  of  latitude. 

Prope*^r  Ernest  W.  Browm,  of  Havcrford  Collie,  contributed  a  paper 
"  On  the  Completion  of  the  Solution  of  the  Main  Problem  in  the  New  Lunar 
Theory."  in  which  were  given  biiefly  some  ideas  of  the  mcthoda  used  and  results 
obtained  during  the  special  study  of  the  subject  of  the  last  twelve  years. 
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CaUKUAH:  PRoneeon  Georok  E.  Halc,  EKr»ctor  of  th?  Y«rkfB  Obs^rvAtory. 
Spbakers;    PROPEsaoB  Mekrekt  H.  Turnhr,  ¥.  R.  S.,  University  of  Oxford. 
pROrEssos  WiLUJtu  W.  Caui'UKLI.,  DinwUjrof  Lliu  l.ii:k  OImviva- 
tory, 
nnr:  Un.  W.  S.  Adahs.  Yerka  Oboervalor;. 


THE  RELATIONS  OF  PHOTOGRAPHY  TO  ASTROPHYSICS 


BT   HEBBEBT   HALL  TUKNEE 

{Herbert  Hall  Turner.  D.8c..  F.R.S..  SaTilian  ProfMBor  of  Artronomy:  Director 
of  tiw  rtiivTndlv  OIjwo'oIoo'.  Univrroityof  Oxford,  FndaiiiJ.  b.  Ijretia,  1861 . 
Lc«h  Modem  School,  1S70-71;  Clifton  Colleco  (Scholar),  187+-TO;  Trinity 
CoUcgo,  Cambridge  (Fouudalioo  Sch[>lar],  1371^84.  Chkf  AauatKit,  KotaI 
ObMmtotT,  OnenmcL,  IS&l-M;  FuUow  of  Trioity  Cull«ge,  CftmbndEe, 
18BS-01;  SftTiliui  Pn>fMM)r  of  .\.itr«noniy  And  Fnlinw  of  Nmt  CoIIpra,  Ox- 
font,  law  to  ptomnt  titan.  Sirrot/Ln-,  Koyn.)  Astrotiomicnl  SoHpIv,  IKO'J-99; 
PKai<knt,19C»-05;  Council  of  KovalSocielv.  tUOl-OS;  ChairuiBii of  Sutisection 
of  Artronomv,  Britiah  AaBociuiiori.  l«Oi.  Bditor  of  T"**  Obtavatory.  1888-97. 
Autbocof  ATodem  Aatroiwm!/,  A  tlroiutmtail  Dincovrri/-] 

The  Eiiropean  astronomers  here  preseut  have  to  thank  the  organ- 
ixere  of  this  Congress  for  much  more  thaii  their  hospitable  invitation 
to  attend  it,  and  the  opportunitiee  thus  afforded  of  meeting  here  In 
St.  Louis  so  many  men  emineot  in  their  oivn  or  other  branches  of 
knowledge:  over  and  above  tliis  Ihey  owe  tu  thetii  opportunities 
of  seeing  the  great  observatories  which  have  developed  so  rapidly  in 
this  country  during  the  last  quarter  of  a  century,  and  of  admiring  at 
close  view  tlie  reaourcea  and  the  work  of  which  the  fame  bad  already 
reached  us  across  the  Atlantic.  This  is  not  the  time  or  the  place  for 
ftoy  account  of  what  we  have  seen  and  learned;  but  not  to  put  on 
record  a  word  or  two  of  appreciation  of  the  great  works  accompU»hed, 
and  of  that  munificence  on  the  part  of  American  citizen:^  which  has 
rendered  them  possible,  would  be  indeed  an  omission.  We  from 
Europe  are,  in  at  least  one  respect,  critics  well  qualified  to  judge 
whether  an  adequate  return  is  being  obtained  for  endowments  aucb 
as  have  recently  fallen  to  the  happy  lot  of  American  astronomers, 
far  most  of  us  have  had  some  practice  in  the  u.ie  of  i^uch  endow- 
ments —  hypothftically.  The  constraints  of  more  modest  equipments 
have  inevitably  suggested  plana  for  work  on  a  larger  scale — obserii-- 
atoric»-in-thc-air  which  our  imaginiitions  fill  with  beautiful  and 
novel  apparatus,  where  the  preliminary  trials  are  always  succca^ul 


430 


ASTROPHYSICS 


and  no  mislakes  are  made.  We  come  to  you  accordingly  prepared  to 
judge  whst  we  see  by  comparison  with  &  very  liigh  standard,  and 
you  may  well  be  content  with  the  conmiendation  wliicb  we  offer 
unstinted.  We  rejoice  to  think  that,  in  the  presence  of  the  new  and 
voat  possibilities  opened  up  by  the  gradual  accumulation  of  facts 
during  the  last  century,  by  the  Invention  of  the  spectroscope,  and 
by  that  of  the  photograpluc  plate,  astronomy  sliould  be  so  fortunate 
hs  to  receive  valuable  aid  just  at  a  time  when  it  is  no  urgently  needed. 
It  m&y  be  v,-ell  for  us  to  glance  fur  a  moment  on  the  other  side  of  the 
picture,  and  to  wonder  what  would  have  been  the  course  of  events  if 
this  timely  aid  had  not  come.  How  would  astrophysics,  the  new- 
born child  of  astronomy,  have  been  nourished?  We  can  scarcely 
think  that  it  would  have  ))een  allowed  to  want  for  nutriment,  but 
whatever  was  given  to  it  must  inevitably  have  been  withdrawn  from 
the  scanty  Htork  of  the  parent  science;  eiUier  parent  or  child,  if  not 
both,  muet  havu  shown  Kifcns  of  starvation.  This  donpcr  is  by  no 
means  entirely  averted  even  yet;  the  needs  of  both,  especially  of  the 
youthful  astrophysics,  are  increasing  daily,  as  in  the  case  of  any  other 
young  and  hcnithy  organUm.  The  future  is  not  free  from  anxiety; 
but  that  the  pre-'usnt  is  not  actually  a  time  of  distress  is  largely  due 
to  the  generosity  displayed  towards  our  science  on  this  side  of  the 
Atlantic. 

I  uni  teniptc<{  to  make  u  remark  nif^ording  another  Bcieuce.  sug- 
gested by  the  above  considerations  in  conjunction  with  incidents 
of  travel.  No  one  can  cross  this  grcjit  continent  and  note  the  ex- 
traordinarily rapid  spreiid  of  chilization,  without  feeling  his  interest 
drawn  forcibly  to  the  remnants  of  the  former  state  of  things;  to  the 
few  remnininK  native  tribe.t  and  the  monumentj^  of  their  ancestors 
scattered  through  the  hmd.  No  man  of  science,  whatever  his  main 
interest  may  be,  can  be  insensible  Co  the  vital  importance  of  securing 
permanent  records  of  these  vcstipcs  before  they  inevitably  perish. 
No  RStronomer  who  is  properly  grateful  for  the  endowment  of  his  own 
science  in  time  of  need  can  fail  to  hope  that  the  science  of  anthro- 
pology mny  be  equally  fortunate  at  a  most  critical  juncture.  1  have 
not  the  means  of  knowing  whether  the  vanL-fhing  opportunities  are 
being  properly  cared  for:  I  earnestly  hope  it  may  beeo;  but  IT  it  is 
not,  surely  this  great  assembly  of  men  from  all  sciences  and  nations 
could  not  unite  to  Ixtltcr  purpose  than  to  urge  on  the  -American 
nation  the  supreme  importance  of  special  assistance  to  anthropology 
at  the  present  time.  We  all  hnve  needs,  even  pressing  needs,  but  the 
pressure  is  not  uniatly  of  this  kind.  The  subject-matter  of  our 
investigations  is  not  evanescent;  we  astronomers,  for  instance,  know 
that  if  we  must  perforce  put  aside  a  particular  investigation  for 
lack  of  means,  fifty  years  henee  a  more  fortunate  Buceessor  will  find 
the  eternal  heavens  little  changed  for  the  sune  purpose.    But  the 
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ftnthropaloj^Et  cannot  wait;  with  him  it  ia  now  or  never,  and  science 
would  be  a  poor  thinj?  indeed  if  wc  could  not  be  so  unselfish  ng  to 
recognize  his  needs  ns  more  urgent  than  our  own.  Ia  it  too  much  to 
hope  that,  even  before  we  leave  this  hospitable  city,  we  may  h»ve 
wme  assurance  that  full  justice  shall  be  done  in  thi»  matter? 

It  IE  a  familiaj  (act  that  there  are  epochs  in  the  history  of  a  Hcicnco 
when  it  acqulreB  new  vigor;  when  new  branches  are  put  forth  and 
old  branches  bud  afresh  or  bloesom  more  plenteously.  The  vivifying 
cause  is  generally  to  be  found  either  in  the  majestic  form  of  the  dis- 
covery  of  a  new  law  of  nature,  or  in  the  humbler  guise  of  the  inven- 
tion of  a  new  instniraent  of  research.  The  history  of  astronomy  has 
been  rich  in  euch  epochs,  notable  among  them  being  that  when 
Newton  announced  to  the  world  the  great  law  of  gravitation,  and 
that  when  Galileo  first  turned  his  telescope  to  the  skies. 

Wc  have  within  the  Iwt  half-century  been  fortunate  enough  to 
include  another  great  epoch  iii  astronomical  history,  characterized 
by  the  birth,  almost  a  twin-birth,  of  two  new  scientific  weapons  — 
the  spectroscope  and  the  sensitive  film.  It  ia,  of  course,  somewhat 
difficult  and  scarcely  necessary  to  assign  an  exact  date  for  the  ongia 
of  either  of  these;  the  spectroscope  was  perhaps  first  systematically 
used  on  the  heavenly  bodies  by  Huggina,  Rutherfurd,  and  Seechi  in 
the  fifties,  but  we  may  trace  it  back  to  tlie  early  work  of  Fraunhofer, 
who  described  tiie  sijectrum  of  SiriuH  in  IS17.  nr  further  back  to  the 
cipcrimcnts  of  Newton  with  a  prism;  and  the  dry  plate,  wliicli  in 
particular  baa  conferred  such  benefits  on  our  siricnce,  bad  of  course 
its  precursors  in  the  collodion  plate  or  the  daguerreotype.  But  the 
greater  part  of  the  influence  on  astronomy  of  both  the  spectroscope 
and  the  photographic  method  date!)  from  the  time  when  the  dry  plate 
waa  first  used  succeasfully,  not  much  more  than  a  quarter  of  a  century 
ago;  and  in  that  quarter  of  a  century  there  have  been  compressed 
new  advances  in  our  knowledge  which  perhaps  will  compare  favorably 
with  the  work  of  any  similar  period  in  centuries  either  past  or  to  come. 
It  ia  difficult  to  estimate  at  their  true  value  historical  events  in  which 
we  play  a  part,  and  any  review  of  such  a  i»eriod  undertaken  now 
must  be  necessarily  imperfect,  for  we  are  adviinoing  m  rapidly  that 
our  point  of  view  is  continually  changing.  But  it  is  an  encouraging 
thought  that  obvious  diHiculties  may  enhance  interest  in  the  attempt 
and  suggest  kindly  excuses  for  ita  shortcomings. 

From  the  ambairassingly  large  number  of  possible  topics  which 
the  perio<l  provides,  I  have  selected  that  of  astronomical  photo- 
graphy, and  I  invite  your  attention  to  some  characteristic  featurea 
of  the  photographic  method  in  astronomy,  and  some  reflections 
thereupon.  It  is  Bcarccly  possible  to  avoid  repeating  much  that  hoa 
been  said  already,  but  I  hope  it  will  be  clear  that  no  claim  to  original- 
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trimsient  impressions,  is  no  mntch  ultimately  for  tho  plate,  which 
can  act  by  accumulation.  But  with  similar  instnimeDts  the  plate 
must  be  exposed  for  miautes  or  even  hours  to  seize  the  impression 
of  B  funt  object  which  the  eye  can  detect  at  a  glance.  There  seems 
to  be  no  reason  in  the  nature  of  things  why  the  eye  should  not  have 
been  surpassed  in  o.  few  seconds;  and  in  the  future  the  senAtJveneu 
of  p]at«s  may  be  increased  so  that  this  will  actually  be  the  case,  even 
as  in  the  past  there  v/aa  a  tlnie  when  the  sensitiveness  was  so  small 
that  the  longest  exposure  could  not  compete  with  the  eye.  But  this 
time  is  not  yet  come,  and  at  the  present  moment  the  eye  is  still  in 
some  departments  superior  to  its  rival,  owing  to  this  very  fact,  that 
though  it  cau  only  see  by  glances,  it  can  use  these  glances  to  good 
effect-  In  the  study  of  the  planets  the  more  clumsy  method  of  the 
photographic  plate  {which,  by  requiring  time  for  the  formation  of 
the  image,  confuses  good  moments  with  bad)  renders  it  almost  use- 
less as  compared  with  the  eye;  and  again,  we  have  not  as  yet  used 
photography  for  daylight  observations  of  stars. 

But  there  is  another  direction  in  which  the  photographic  plate 
is  immensely  superior  to  the  eye  in  power;  it  can  record  so  much 
more  at  once.'  In  the  able  hands  of  Prof.  Bamiu-d,  Dr.  Max  Wolf, 
and  others,  this  property  of  the  plate  has  been  utted  to  record  tlie 
presence  in  the  sky  of  vast  regiong  of  nebulosity  such  as,  we  may 
safely  say,  the  eye  would  never  have  satisfactorily  ]iortraycd,  not 
altogether  l>ecause  of  their  fulntnees  (for  in  one  of  his  papers  Professor 
Barnard  lells  us  that  he  was  actually  led  to  photograph  such  a  region 
becauM  he  hod  become  vaguely  conscious  of  it  by  cye^bscrvation) , 
but  beeause  of  their  diffusion.  It  is  noteworthy  that  these  beautiful 
photographs  were  taken  with  comparatively  humble  instruments, 
and  we  may  be  as  yet  only  on  the  threshold  of  revelations  still  to 
be  made  tn  this  direction. 

Secondly,  the  photographic  method  represents  a  great  advance 
in  facility  i>f  manipulation.  A  familiar  example  may  be  taken  from 
the  domain  of  planetary  discovery.  In  old  time,  to  recognize  a  new 
object  among  numerous  fixed  stars,  it  wns  necessary  either  laboriously 
to  map  out  tho  whole  region,  or  to  Icam  it  by  heart,  eo  that  it  was 
practically  mapped  in  the  brain.    Now  all  this  labor  is  avoided;  two 

*  Tliis  property  haa  b««>n  hcAutifuMy  illufltrnt^d  by  a  lecture  experiment  of 
Prof.  Bnmara.  Ho  ihrovs  on  tlio  scnicii  a  picturci  of  a  latgo  nebula  which  thg 
photograpliic  plat«  has  do  difTiculty  in  portraying  all  at  once;  but  the  pk-tuTs  Is 
■n  thft  first  inut&acc  covered  up  by  a  scrvMi,  exoi-pt  for  a  tmaU  iipcrtun;  ouly,  and 
tfcos  ap«rtufv,  ho  tells  hia  nudtcnvc.  ccprf  9«nU  nil  that  cod  be  •ocn  by  tho  cy«  at 
on*  tiRiA,  iidinft  the  piwit  t^lc^cfipf  ol  tlio  Yrrkf«  ObwrvatoTy.  By  moving  ths 
XTfti  about,  (^fftMvnt  partions  ot  tho  j>ictun>  tnav  b«  vtewpd  siicoeasirely.  as  aJso 
by  movine  the  tflfSL'ojie  nbtjiit  in  Inoking  at  thi'  eVy  itst'U.  But  what  a  revelation 
foUowa  wnmi  tlio  m'Tvpa  id  rT'iU(i%'r<t  mid  tho  full  glory  of  tlin  nrtmla  !■  nxhitiittd 
atamngleglancel  We  can  well  und<>nt«n<l  thnt  the  true  charact«r  of  those  obj^ctB 
washopcJJeMlyinlBinterpreted  by  the  aye.  using  the  Imperfect  method  of  piecemeal 
obaemitioD  vUcb  alone  iriu  formerly  iKJMiLblJf. 


ASTROPHYSICS 

phoioRraphs  of  the  same  region,  taken  without  any  strain  on  the 
memory  or  the  measuring  ability  of  the  observer,  can  at  a  glance,  by 
a  simple  comparigon,  give  the  information  that  a  strange  object  is  or 
is  not  preK«nt.  —  information  formerly  obtained  at  so  much  cost. 
Sometimes,  indcetl,  the  cost  was  m  great  that  the  information  was 
not  obt-oined  at  all.  Kor  fifteen  ycurs  Ucncke  nearcbcd  without  suc- 
cess for  ft  planet,  nnd  for  nearly  forty  years  after  the  discovery  of  the 
first  four  small  pinncts  in  1S07  no  further  discoveries  vers  made, 
though  hundreds  were  constantly  crossing  the  sky,  nnd  a  dozen  new 
planets  are  now  found  every  year  with  little  trouble. 

But  though  this  instance  of  increase  in  facility  is  stiiking,  it  is 
far  from  being  the  only  one  or  even  the  most  important.  Wherever 
we  reqiure  a  record  of  any  kind,  whether  it  be  of  the  confiji^uration 
of  stars,  or  of  solar  spots,  or  of  the  surface  of  the  moon,  or  of  a 
spectrum,  the  labor  of  obtaining  it  has  been,  enormously  reduced 
by  the  photographic  method.  Think  for  a  moment  of  what  this 
means  in  the  last  instance  only,  —  think  of  the  labor  involved  in 
mapping  one  single  spectrum  by  eye^obeervation;  of  the  difficulty 
of  settling  by  such  a  method  any  doubtful  question  of  the  identity 
of  certain  lines  in  the  spectrum  of  a  starl  A  few  years  ago  Dr. 
McClean  announced  Umt  he  had  found  oxygen  in  the  star  ^  Crucis. 
Up  to  that  time  this  element,  so  familiar  to  us  on  tliis  earth,  had  ap- 
peared to  belong  to  US  iiloiie  in  the  universe,  for  in  no  spectrum 
had  its  lines  been  detected.  The  proof  of  its  existence  in  j9  Crucis 
depended  on  the  identity  of  a  number  of  lines  in  the  spectrum  witli 
some  of  those  of  oxygeu;  and  the  measures  vrerc  sufficiently  difficult 
on  a  photograph,  bo  that  for  more  than  a  year  the  scientific  world  re- 
fused to  pmnotmce  a  verdict.  How  long  would  the  case  have  dragged 
on  if  only  viKual  meiLsures  had  been  possible?  We  may  fairly  doubt 
whether  a  definite  concltision  would  ever  have  been  reached  at.  alt. 
By  the  sheer  facility  of  the  new  method  of  work  we  have  advanced 
by  leaps  and  bounds  where  we  could  only  crawl  before. 

Thirdly,  there  has  been  a  great  gain  in  accuraeif  from  the  intro* 
duction  of  photography;  and  it  is  this  quality  which  is  above  all 
of  value  in  the  science  of  Bstronomy.*  The  wonderful  exactness  of 
the  photographic  record  may  perhaps  best  be  characterized  by  saying 
that  it  has  revealed  the  deficiencies  of  all  our  other  astronomicaJ 
apparatus,  —  object-glasses  and  prisma,  clocks,  even  the  obfier^'er 
himself. 

It  has  almost  been  forgotten  that  in  the  early  days  the  accuracy 


\  Two  thinjp  toay  bp  m«-iks>m'd  on  &  photo^phic  plal*  —  the  potition  ot  u 
objnet,  or  th<i  dctwrity  of  th«>  imnfii^;  thp  lortnpr  beiiVK  nn  iadioAtion  of  itaj>o«itiM 
En  tha  heaveiiB,  a]Krth<>  lntli?r  of  its  brightDMs.  With  the  Utter  topie  I  do  not 
propose  to  deal,  for  the  rrafon  tlmt  il  ia  in  Uie  hanrln  nf  it  mtich  aUer  Bilil  lBot« 
ncperlennd  i>xpouKnt;  but  tha  iumivr  nlvnv  will  pruvide  pDough  food  fortcflec- 
tion. 
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a  photograph  was  doubted.  Even  now  it  can  scarcely  be  said 
iat  we  know  definitely  the  stage  of  refinement  at  which  wc  must 
begin  to  expect  irregular  displarementt)  of  the  images  from  dis- 
tortion of  the  photographic  film;  but  we  have  learned  that  they  do 
not  occur  in  a  uross  degree,  and  that  other  iippuratua  must  be  im- 
proved before  wc  need  turn  our  attention  serioiiHly  to  errors  arising 
from  8Uvh  a  cause.  Consider,  for  instance,  what  photography  has 
uAd  us  about  our  optical  apparatus,  which  wc  ref!;ard  as  having 
reached  a  high  stage  of  perfection.  We  are  accustomed  to  think 
of  properly  made  optical  apparatus  aa  being  sufficiently  similar  in 
ail  ittt  parts;  it  is  tacitly  assumed  in  the  principle  nf  the  heliometer, 
for  example,  that  one  half  of  the  object-gluss  is  eufficicnUy  similar 
to  the  other.  But  a  stock  adjustment  recently  adopt«d  in  photo- 
graphing a  spectrum  for  accurate  measurement  exhibits  clearly  the 
errors  of  this  nssumption.  PhotogrnphB  are  taken  of  the  spectrum 
through  the  two  halves  of  the  objective;  and  if  they  were  properly 
similar  the  lines  in  the  two  halves  of  the  spectrum  should  fit  exactly. 
A  mere  glance  is  usually  sufHcient  to  show  discordances.  It  is  true 
that  one  of  the  photographs  is  taken  through  the  thick  half  of  the 
prism  and  the  other  through  the  thin,  so  that  errors  of  the  prism  arc 
included;  but  these,  again,  are  optical  errors.  They  are,  however,  not 
the  only  sources  of  error  which  at  present  mask  photographic  imper- 
fections. Glass  plates  are  net  flat,  and  this  want  of  flatness  intro- 
duces sensible  errors.  Even  with  the  great  improvements  in  our 
driving-clocks  which  were  called  for  immediately  photographs  were 
to  be  taken,  —  with  electrical  control  and  careful  watching  on  the 
part  of  the  observer,  —  there  is  apt  to  creep  in  a  "driving-error  " 
which  gives  bright  stars  a  spurious  disphiccment  relatively  to  faint. 
We  must  get  flatter  plates,  better  driving-iilocka,  and  watch  more 
carefully  before  we  can  certainly  accuse  our  photographs  of  a  failure 
io  accuracy.  Nevertheless,  there  are  indications  that  we  may  be  near 
Ihe  limit  of  accuracy  even  now.  Examination  of  the  i^seau  lines  on 
various  plates  appears  to  show  small  displacements  for  which  no  cause 
has  yet  be«n  aligned;  and  the  end  of  our  tether  may  not  be  far 
away.  But  as  yet  we  have  not  been  pulled  up  short,  and  there  is  hojte 
that  the  warning  may  be,  as  on  one  or  two  previous  occasions,  a  false 
alarm. 

Such  being  the  accuracy  of  the  photographic  method,  it  is  surprifflng 
that  it  should  not  as  yet  ha>'e  been  more  fully  adopted  in  that  field 
of  work  where  accuracy  is  of  the  greatest  importance,  —  namely,  in 
what  is  called  fundamental  work,  with  the  tranmt-circle  or  other 
meridian  instruments.  The  adoption  of  new  methods  is  always  a 
slow  process,  and  there  are  at  least  two  claiuesof  difHculties  which 
hinder  it.  The  first  class  has  ita  origin  in  the  instinctive  conservatism 
of  human  nature,  wherein  men  of  science  differ  little  from  their 
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fellows.  The  second  has  to  do  with  avtulable  capital;  and  in  UiIh 
respect  wc  arc  distinctly  at  a  disadvantage  compared  with  olbei 
men;  for  whtn  n  new  instrument  of  general  utility  ie  invented,  at 
once  a  large  amount  of  capital  is  invested  in  working  out  tlic  details 
and  improving  them  to  the  utmost;  whereas  for  a  scientific  infitru- 
ment  no  sucli  funds  are  available.  Think,  for  instance,  of  the  money 
spent  in  perfecting  the  bicycle,  and  the  time  occupied  in  developing 
it  from  the  enrliest  forms  to  those  with  which  we  are  now  familiar, 
—  from  the  "bone-shuker"  of  the  sixties,  through  the  high  bicycle 
which  wc  saw  twenty  years  ago,  to  the  modem  macliine.  Think,  too, 
how  totally  unexpected  have  been  some  of  the  incidents  in  the  history 
of  this  machine,  —  such  as  the  introduction  of  pneumatic  tires,  or  it« 
use  by  ladies.'  In  the  case  of  siich  an  instrument,  now  universally 
adopted,  if  rapid  development  could  have  been  secured  by  expendi- 
ture of  money  and  brains,  nurely  enough  of  both  conunodiUes  were 
forthcoming  to  attain  that  end;  and  yet  rampiicity  and  finality 
have  probably  not  yet  been  attained  in  a  period  of  thirty  years.  When 
wc  compare  the  small  amount  of  money  and  especially  the  small 
number  of  persons  that  can  bo  devoted  to  the  perfection  of  a  new 
scientific  method,  such  as  the  use  of  photography  in  astronomy, 
it  will  excite  little  surprise  that  progress  during  the  same  period  o( 
thirty  years  has  been  slower.  In  commerce  old  muchinea  can  Ije 
thrown  on  the  scrap-heap  when  improvements  suggest  themselves; 
but  who  can  afford  to  throw  away  an  old  traDsit-circIeT  The  very 
fact  that  it  hns  been  in  use  for  many  years  renders  its  continued  use 
in  each  succeeding  year  the  more  important  from  considerations  of 
continuity. 

It  is  doubtless  for  such  reasons  as  these  that  little  has  yet  been 
done  in  the  way  of  utilising  photography  for  meridian  observatioo. 
Although  one  or  two  meritorious  beginningft  have  been  made,  which 
have  sufficed  to  show  that  there  are  no  insuperable  difficulties  in 
the  way,  up  to  the  present  moment  no  meridian  instrument  of  repute 
IB  in  regular  work  using  the  photographic  method.  And  this  fact, 
cannot,  after  all,  be  completely  explained  by  the  reasons  above  men- 
tioned. Opportunities  for  setting  up  costly  new  instruments  do  not ' 
occur  frequently  in  astronomy,  but  they  do  occur.  In  the  last  decade, 
for  inHtance,  large  transit-circleei  have  been  set  up  both  at  Greenwich 
and  the  Cape  of  Good  Hope;  but  In  neither  instance  has  any  attempt 
been  made  to  adopt  the  pliotographic  method.  The  Washington 
Observatory  was  reconstructed  well  within  the  period  aince  the  gre«t 
advantages  of  photography  have  been  recognized;  and  yet  not  even 
in  the  United  States,  the  land  of  enterprise,  was  a  start  then  made 

'  I  bare  in  my  pomcmion  a  copy  of  a  work  of  roformce  on  cycling,  dated  do 
earlier  than  1887,  in  which  it  is  carGruIly  stated  u  a  deliberate  conattmoo  thai 
ladjcd  will  Ufver  use  the  macliine  to  aiiy  grvat  extent. 
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in  n.  direction  in  which  it  is  certain  that  we  must  some  day  travel. 
That  day  has  probably  been  (lefc!rreci  by  the  stimulation  of  com- 
peting methods  which  a  new  one  brings  with  it.  When  electric  light 
was  first  introduced  into  England,  the  gaa  companies,  stimulated 
hy  the  strcMi  of  competition,  adopted  a  new  and  improved  form  of 
light  (the  incandescent  gas)  which  put  them  at  a  much  less  serious 
ivantag©  compared  with  their  new  rival.  So  when  photography 
began  to  show  what  new  accuracy  was  attainable  jn  meaiiurement 
of  Btar-positionis,  it  would  almnst  Keem  aa  if  the  devotees  of  the  older 
visual  methodft  were  compelled  to  improve  their  apparatus  in  order 
DOl  to  be  left  wholly  iKjhind  in  ttic  race.  The  registering  micrometer' 
was  produced  by  Messrs.  Repsold,  with  the  aetoaishlng  result  that 
the  troubles  from  personal  equation,  which  have  so  long  been  a  diffi- 
culty in  all  fundamental  work,  have  practically  disappeared. 

This  boaulifiil  invention  has  placed  the  eye  once  more  in  a  posi- 
tion aotually  miperior  to  the  photographic  plate;  for  with  the  eye  we 
can  obser^'e  stars  in  daylight,  and  so  secure  information  of  great 
importance,  whereas  no  photographic  method  of  doin^  this  has,  as 
yet,  been  devised.  And  there  is  also  the  fact  that  for  faint  stars  a 
I  long  expoBure  would  be  required  for  what  the  eye  can  accomplish 
'ID  a  few  seconds. 

Thus  in  one  or  two  astronomical  channels  the  efTecta  of  the  rising 
tide  of  pliotograpby  have  scarcely  yet  been  felt;  but  into  nil  the 
others  it  has  swept  with  ever-growing  force.  Looking  back  over  the 
thirty  years  of  advance,  we  may  be  well  satisfied.  With  more  funds, 
and  especially  with  more  men,  no  doubt  more  could  have  been  done: 
let  us  even  admit  that  we  might  have  done  bettor  with  the  same 
funds  and  the  same  limited  staff.  But  on  the  whole  we  have  been 
fortunate.    At  a  critical  time,  when  we  might  have  felt  the  want  of 

'  We  have  bepii  accustomod  hitherto  to  deteritiino  tho  porition  of  a  star  by 
olnMrviti)!  t(ie  itiat&iit  wlieii  it  crossed  n  lixed  wiiv;  but  il  lias  Icng  been  ktiowci 
tlul  twu  dil1<-n'Tiit  oLiwerveia  rvconl  syaUmatically  jilTi-n-nI>  itiatanU  —  tht-y  hJtvr 
m  perBonalcqufttioD.  Rwantly  we  have  hMunrd  thtil.  tliin  inrHoniil  r<|U!>tion  v»rioB 
mJi  the  brighlncM  of  ftie  star  obacrved,  uid  with  other  rirL-utnstaucoe,  mid  to 
make  tbe  proper  currecti<>as  for  it  lia«  sev^rcLy  taxed  our  ing«iiuily  aud  involved 
much  woFK.  Before  thv  iiiveiitiun  of  photosrapliv,  we  nuRhl  wt-U  bear  thu  with 
pati«fi«c,  men  It  »pnnwd  to  bn  incvitiblf;  but  tho  photoftrnphie  pinto,  nrhich  m 
Ire*  from  human  errorw.  cITpra  a  way  of  «enipr<  trmn  all  troiiijlM  —  at  thip  exponao, 
I  doubt,  of  sotne  Uttle  expenntcntiTiiE,  but  with  every  prospect  of  Bpn.-dy  Bucn«a. 
_  jPB-obtcrvatiou.  wliu-li  liml  tmrne  tl\ia  bunion  so  long,  must  get  rid  iif  ii  if  il  wjw 
'to  march  alonxsidu  thn  itiLlnuiiiiLi'liil  photusropiiic  I:l(^thlJd;  luid  the  iiirphsing 
tidltg  a  that  it  has  nctuotly  done  ao.  Th«  adt^rted  dcii-icc  is  extremely  simple: 
replace  the  fixed  wire  whicli  the  star  ctoomi  by  a  wire  which  mov«a  witli  the  dlar 
■lid  rrc'Bt<"'»  it**  ovnt  lanvi-nienia.  The  reB;i«t''riiiK  la  done  aut<iiii«  It  cully :  liut  the 
motion  oi  the  wire  ia  controlled  by  tlic  gljtmrvcr,  utitl  there  ia  still  room  (or  n  new 
forfD  of  ponoaal  equation  in  thi*  human  rftntrol.  Hut  TKvnnmanifcstii  itself,  prob- 
ably for  the  reason  that  ne  no  lon^r  hnve  two  eersea  roTieem<?d.  but  ooly  one. 
In  "reoonling  the  iostant  when  a  star  rr«aie«  a  mn  we  emiiloy  tixlier  the  eye  and 
tbn  car,  (kr  tlio  vye  unit  the  m-.Hiu-  of  touch ;  andpenoiud  eiiuation  nriseti  fmiii  the 
diServnt  coArdiiiatJon  of  the  two  ih-cimw  in  diflerent  people.  But  iu  making  the 
wire  folluw  tlie  star,  the  eye  alone  is  concerned,  and  there  is  no  looger  any  rooiD 
for  dtfTt-rvncv  in  "  latent  ix-riod ' '  vr  other  coOnl:natii>i)  of  two  aenK*. 
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larger  endowments  acutely,  tbc  need  was  ntmost  anticipated  by  a 
stream  of  benefaction.  If  this  stream  had  its  chief  source  in  the 
United  States,  its  beneficial  effects  have  poured  over  the  whole  world: 
and  induced  currents  have  begun  to  flow  elsewhere.  We  may  reflect 
with  thankfulness  how  much  harder  our  advance  might  have  been 
but  for  the  noble  gifts  to  the  Harvard,  the  Lick,  and  the  Ycrkea  ob- 
servatories: and  eaniestly  hope  that  the  cheerful  expectations  of 
B  great  American  astronomer,  that  these  are  but  the  fore^adonnng 
of  much  larger  gifts  to  science,  may  be  adequately  realized. 


May  I  now  turn  to  one  or  two  oE  the  problems  with  which  this 
new  development  of  our  work  has  brought  us  face  to  face?  Tbey  are 
numerous  and  serious,  and  it  is  imposeible  to  consider  many  of  them, 
perhaps  even  the  most  important  of  them.  One  of  the  most  press- 
ing is  the  problem  of  rendering  generally  accessible  the  vast  accumu- 
lations of  material  for  study  that  have  been  suddenly  thrust  upon 
our  attention.  How  are  our  photographs  to  be  stored,  preserv'ed,  and 
published?  Even  now  troubles  have  gathered,  and  time  will  only 
multiply  them.  It  is  many  years  since  ProfsBHor  Pickering  dr^w 
attention  to  the  difficulties  iu  ntorin^  the  phutogniphic  plates  taken 
at  the  Harvard  Observatory ;  wlien  many  thousands  of  photographs 
have  bc;en  aecmnulated,  not  only  tlie  space  they  occupy,  but  tlic 
actuiU  weight  of  glaas.isan  embarrassment.  And  tliere  secma  to  be  on 
doubt  concerning  the  duty  of  accumulutiun.  May  I  confess  an  eoriy 
and  mistaken  view  which  1  formulated  on  this  matter?  I  rcaaoned 
thus:  The  proper  moment  for  making  use  of  a  photograph  taken  last 
night  is  to-day.  It  i.<t  u.'^jlc.'w  todefer  the  examination  until  to-morrov, 
for  there  will  then  be  new  photographs  claiming  attention.  Hence, 
it  is  unscientific  to  take  more  photographs  than  can  be  dealt  with 
immediately.  This  seemed  to  be  a  plausible  argument  and  to  show 
a  way  out  of  tlie  dithculty,  for  if  a  photograph  had  once  been  ade- 
quately examined,  it  need  not  be  stored  so  carefully,  and  there  would 
not  in  any  case  be  msjiy  to  store.  But  Professor  Pickering  has  demon- 
strated many  times  over  that  the  view  is  untenable.  By  talcing  photo* 
graphs  almost  recklessly,  and  without  any  hope  of  dealing  with  even 
a  fraction  of  them,  he  has  created  the  possibility  of  tracing  the  history 
of  celestial  events  backwards.  When  new  objects  are  discovered 
he  can  go  to  his  shelves  and  tell  us  how  long  they  were  visible  previous 
to  discovery:  and  this  information  is  so  valuable  that  wo  must  cer- 
tainly arrange  our  future  plans  with  reference  to  it.  It  is  quite  certain 
that  we  must  be  prepared  to  deal  with  enormous  accumulations  of 
plates,  to  store  them  in  proper  order,  and  to  catalogue  tbem;  and 
if  it  hag  already  been  found  difficult  to  do  this  for  the  collection  of 
a  single  observatory  during  twenty  years,  what  can  we  look  for  in  the 
centuries  to  come? 
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PoeBibly  the  second  difficulty,  that  of  presen-ation,  may  be  an 
aotidoteto  the  first.  It  ia  by  no  means  certain  that  our  pbotosrapha 
will  last  long;  and  if  not,  there  will  be  a  natural  limit  to  the  time 
during  which  they  need  be  kept.  Sir  William  Crookes  has,  however, 
reminded  U8  that  by  toning  tliem,  by  substituting  titurdy  gold  for 
the  perishable  silver,  wo  may  prolong  their  life  indefinitely,  though 
this  wilt,  of  course,  acnsibly  invrcaee  the  cost  of  each  plate.  As  yet 
I  have  not  heard  of  any  toning  process  being  systematically  adopted. 
Our  co»irse  ia,  however,  comparatively  clear  in  this  direction;  it 
would  seem  imperative  that  a  setertion  of  the  earliest  photographs,  at 
any  rate,  should  be  carefully  toned,  no  that  they  may  be  available  for 
compariaon  in  years  as  far  dixtimt  a»  pomible.  Although  thin  is  a  mat- 
ter of  detail,  it  wcms  to  me  t<]  compare  in  importance  with  almo«t 
any  practical  question  which  may  claim  the  attention  of  otitronomers; 
and  if  some  decision  of  the  kind  were  the  only  outcome  of  this 
gathering,  I  think  we  might  be  well  content  with  the  result. 

The  question  of  publication  i.^  chiefly  one  of  funds,  and  is  only 
worthy  of  special  remark  because  these  particular  funds  are  to  often 
forgotten  in  plonnins  enton'rines.  I  need  not  labor  the  point,  for 
the  experience  of  any  ustronomor  will  supply  him  with  plenty  of 
instances.  The  difficultiea  of  publication  have  much  in  conunoQ 
with  those  of  storage;  they  will  increase  year  by  year,  and  even  when 
the  moDey  for  printing  has  been  found,  the  storage  of  publications 
received  from  other  observatories  will  itself  become  an  embarrass- 
ment. There  is,  however,  one  way  in  which  some  of  the  strew  may 
be  relieved,  namely,  by  efficient  cataloguing.  If  we  have  before  us 
a  list  of  all  the  photographs  existing  in  the  world,  and  know  that  we 
can  send  for  a  copy  of  any  one  of  them  which  may  be  required,  it 
is  no  longer  necessary  to  have  copies  of  all.  This  applies,  of  course, 
to  other  publications  aa  well ;  and  though  we  may  take  some  time  to 
grow  out  of  the  sentimental  desire  for  a  complete  library,  and  though 
the  existence  of  a  few  such  complete  inetitiitione  may  always  be  deair- 
aWe,  I  venture  to  think  that  many  observatories  will  ultimately  bo 
driven  to  the  plan  of  acquiring  only  what  is  certainly  and  imme- 
di&tdy  iiseful,  depending  on  temporary  loans  from  central  institutions 
for  other  material. 

But  there  is  a  cla«s  of  problems  differing  totally  in  character 
from  these  practical  questiioiis  of  storage  and  preservation  of  plate«. 
A  period  of  suddenly  increased  activity  Buch  as  we  have  been  passing 
through  in  astronomy  is  not  without  important  effects  on  astro- 
Domen)  themselves.  The  human  element  in  our  scientific  work  is 
sometimes  overlooked,  and  generally  accorded  only  a  subordinate  im- 
portance; but,  coming  as  1  do  from  an  old  university  devoted  to  the 
Humanities,  I  may  be  perhapw  forgiven  for  colling  attention  to  a  few 
human  cooBidcrations.   In  the  first  place,  I  have  felt  some  anxiety 
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Ut«1y  for  that  very  importaub  body  of  astronomers  who  are  some- 
times called  amateurs,  though  the  name  ie  open  to  criticism,  —  those 
who»e  opportunilies  for  work  are  restricted  to  a  more  or  leas  limited 
leiflure.  It  is  a  body  which  is  somewhat  semitive  to  the  reeling  Lbat 
a^itronomical  work  ha«  gone  beyoud  thetn,  that  iu  the  preseace  of 
large  inatruments  and  ol  the  special  knowledge  acquired  by  those 
usiug  them,  their  own  efforts  and  their  own  humbler  instruments  are 
DO  longer  of  any  value.  If  1  am  right  in  supposing  that  this  feeling 
has  been  called  into  existence  lately  by  the  rapid  advances  made  in 
photogruphy,  it  in  rertuinly  not  for  the  tir«t  time.  At  previous  epochs! 
tliiit  diflidem-e  has  found  expression,  and  hiui,  I  am  glad  to  say,  been 
met  by  careful  contradiction;  but  it  is  necessary  to  repeat  the  ex- 
postulation again  and  again,  for  the  uouety  is  apt  to  crop  up  with 
every  new  development  of  astronomical  activity. 

The  early  days  of  jihotography  were  better  onee  than  usual  for 
the  amateur;   indeed,  the  intrnduntion  of  Lhe  {)h»tographic  method 
is  largely  due  to  the  work  of  uuch  men  as  Kutherfurd  and  Draper 
in  America,  de  la  Hue  and  Comuion  in  England.    But  now  that  we 
have  passed  bvyond  the  stage  when  each  new  plate  taken  was  a 
revelation;   now  that  we  are  tolerably  familiar,  at  any  rate,  with 
the  main  types  of  possible  photographs  which  can  he  taken  with 
modest  apparatus;    more  eBpecially  now  that  we  havp  begun  lo 
discUKs  in  elaborate  detail  the  measurement  of  star-ixmi lions  or  oP 
stellar  spectra,  the  old  shyneiis  in  beginning  to  crop  up  again.    But- 
it  is  of  the  utnioHt  impoTtuncR  that  this  shyness  should  bo  zealously 
overcome.    Perhaps,  after  all,  it  is  not  suflicient  to  assert  that  the 
is  still  good  work  for  lunatcurs  to  do,  nor  even  to  mention  a  fei 
instances  of  such  work  urgently  required;    perhaps  it  should  be^^"** 
made  easier  for  them  to  follow  what  is  Itoing  done.    Kspecially  dot:»-^ 
we  wont  more  and  better  bookt,  wntten  by  the  best  men  in  cochv'  — " 
Bubjwrt.    The  original  memoir,  though  it  may  be  the  proper  former  » ••' 
of  publication  for  the  workers  themselves,  does  not  satisfy  all  rt — ■^^''~^ 
quirements.  There  is  much  to  be  done  in  the  way  of  extension  anifc*-*^^" 
collation  before  the  work  can  be  presented  in  a  form  Bttrnctivc  ta=>J'  W 
those  who  would  gladly  keep  in  touch  with  it  if  the  process  could  bes**^^** 
made  a  little  easier.    Huxley  was  constantly  urgjng  upon  scientific*  ■«  ""' 
men  that  it  was  not  suffinicnt  to  attain  mtulte;   they  must  aleo  ex — .3^^* 
press  Ihcm  in  an  intelHgiblc  and  attractive  form.   Of  course  it  is  not*  «:»ot 
easy  for  the  eiime  man  to  do  both.    There  are  few  who  could  havc^"-*" 
determined,  like  Schiaparelli,  that  the  period  of  rotation  of  the  planet^  ^aet 
Mercurj'  was  eighty-eight  days  instead  of  one;   but  there  are  fewer-*^^'' 
still  who,  after  making  the  discovery,  could  have  pven  the  beautiful  %■  ^^ 
lecture  which  he  gave  lieforo  the  King  of  Italy.  deveJoping  fully  in 
attractive  detail  the  consequences  of  the  discovery;   and  yet  it  ie^ 
probably  true  that  many  more  could  make,  at  any  rate,  oo  attempt 
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in  l3uE  direction,  if  adequate  opportunity  and  inducement  wcie 
piOTided.  Could  not  &  part  of  tlie  sums  available  for  the  endowment 
of  research  be  devoted  to  the  endowment  uf  text-bookn?  It  is,  of 
courae,  an  inducement  to  writ«  sucli  a  book  tliat  it  in  &  good  thing 

ell  done;  but  in  the  t-asc  of  a  scientific  worlcer  tliii  is  searcely 
icient,  because  the  same  could  be  euid  of  his  continuing  his  particu- 
lar work,  li  we  ask  him  to  pause,  and  render  the  treasures  he  has 
collected  accessible  to  others,  there  must  be  some  additional  induce- 
ment. Publishers  are  not  able  to  ofTer  pecuniary  encourageinent, 
because  books  of  the  type  I  have  in  mind  would  not  appeal  to  a  very 
large  public.  But  why  should  they  not  be  sulj^dized?  1  do  not  think 
it  need  be  a  very  coatly  busiueaa,  if  the  money  were  placed  in  the  handu 
of  a  central  body  lo  issue  invitations  for  booka  to  be  written.  An 
invitation  would  be  in  itself  a  compliment;  and  the  actual  pecuniary 
value  of  the  inducement  would  Hhrink  in  importnnce,  junt  as  the 
actual  amount  of  gold  in  a  medal  awarded  by  one  of  our  leading 
scientific  societies  is  not  very  seriously  regarded.  It  may  be  objected 
that  to  ask  the  best  men  to  write  textrbooka  ia  lo  ect  them  to  iiiferiur 
work,  and  so  to  delay  true  acientific  progress;  but  an^  wc  sure  that 
the  real  march  of  science  is  being  delayed?  There  are  pauses  in 
a  journey  which  merely  waste  time;  but  there  are  others  without 
which  the  whole  journey  may  be  delayed  or  preventetl,  as  when 
a  man  should  neglect  to  rest  and  feed  the  horse  which  carries  him. 

But  the  development  of  photography  has  brought  with  it  much 
more  then  a  rccurrenr«  of  diffidence  in  some  nmnteurs;  it  has  fore- 
shadowed a  serious  reorrangoment  of  astronomical  work  generally, 
—  a  new  division  of  labor  and  a  new  system  of  cooperation.  To 
quote  one  notabSe  instance:  a  very  small  number  of  observatories 
could  take  enough  photographs  to  keep  the  whole  world  busy 
examining  or  meaauring  them,  and  we  are  already  face  to  face 
with  the  question  whether  this  is  a  desirable  arrangement.  Let 
mc  give  a  concrete  example  of  thia  modern  situation.  In  the  winter 
1900~0i  the  small  planet  Eroa  offered  a  specially  favorable  oppor- 
tunity for  determining  the  solar  parallax,  and  some  thousands  of 
photographs  were  taken  nt  a  number  of  obser^'atories  for  the  purpose. 
It  ia  not  yet  very  clear  how  a  definitive  result  will  be  obtained  from 
the  muss  of  materia!  accum\ilated,  most  of  which  is  being  dealt  with 
in  a  very  leisurely  manner:  but  u  small  portion  of  it  has  been  die- 
cussed  by  Mr.  A.  R.  Hinks,  of  Cambridge,  aud  one  of  the  many  im- 
portant results  obtained  i>y  him  in  a  recently  published  paper  (Afofl. 
iVoC.  R.  A.  S.,  June,  19U4)  is  this:  that  the  plates  taken  at  the  Lick 
Obeervetory  are  susceptible  of  such  accurate  measurement,  and  sii 
numerous,  that  a  determination  of  the  solar  parallax  from  them  alone 
would  have  a  weight  nearly  equul  to  that  from  the  whole  moas  of 
material.  If  the  Lick  plates  can  be  measured  and  reduced,  it  will  not 
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much  matter  if  nil  the  others  are  destroyed.  Whence  we  may  deduce 
two  conclusions:  first,  that  it  is  eminently  desirable  that  these 
betiutifiil  pictures  ehoiild  be  mcRsiircd  and  reduced  as  soon  as  possible; 
Bccondly,  that  we  must  consider  future  plans  of  campaign  very  care- 
fully if  we  are  to  avoid  waste  of  work  and  discouragement  of  workers. 
It  b  tolerably  easy  to  reach  the  firfit  precise  concluaion;  I  wish  it  were 
eaaier  to  arrive  at  Bomething  more  definite  in  regard  to  the  second. 
It  eeems  clear  that  we  may  ex]>ect  some  readjustment  of  the  relations 
between  the  bctt^r-equippvd  obscrvalorice  and  tho«K!  less  fortunate, 
but  it  is  not  at  all  clear  what  direction  that  readjustment  should 
take.  One  possibility  is  indicated  by  the  instance  before  ua:  the 
discussion  of  the  Lick  photographa  waa  not  conducted  at  the  Lick 
Obser^'atory.but  at  Cambridge;  the  price  paid  for  the  fine  climate  of 
Mount  Hamilton  is  the  accumulation  of  work  beyond  the  powers  of 
the  staff  to  deal  with,  and  the  new  diWson  of  labor  may  bo,  for  the 
observatories  with  fine  climates  and  equipment  to  take  the  photo- 
graphs, and  astronomers  elsewhere  to  measure  and  discuss  them. 
Professor  Xapteyn  has  set  us  a  noble  and  well-known  example  in 
this  direction,  and  in  view  of  the  pressing  need  for  a  study  of  many 
photographs  already  taken,  It  is  to  be  hoped  that  his  example  will 
be  followed,  especially  in  cases  similar  to  his  own,  where  no  observa- 
torj'  is  in  existence.  If  in  such  cases  the  investigator  will  set  up  a 
measuring-^macthine  instead  of  a  telescope,  he  will  deserx'e  the  grati- 
tude of  the  astronomical  world. 

But  the  case  ia  not  so  clear  when  a  telescope  is  already  in  existence. 
Mr.  Hinks  had  a  fine  telescope  at  Cambridge,  and  it  required  some 
self-denial  on  his  part  to  ^ve  up  observing  for  &  time  in  order  to  dis- 
cuss the  Lick  photographs  and  others-  If  the  accumulations  already 
made,  and  others  certain  to  be  made  in  the  future,  are  to  be  dealt 
with,  thim  kind  of  self-denial  must  certainly  be  exercised,  but  it  doe« 
not  seem  quite  clear  that  It  should  always  fall  to  the  lot  of  those  with 
a  modest  equipment.  Gonsidera Lions  of  strict  economy  might  suggest 
this  view,  but  there  is  a  human  side  to  the  argument  which  ia  not 
unimportant.  The  danger  that  the  minor  observatories  should  feel 
their  work  unnecessary  ia  even  graver  than  the  similar  possibility 
in  the  case  of  amateurs  already  mentioned,  and  calls  for  prompt 
attention  from  astronomers  generally,  if  it  is  to  be  averted.  It  is  the 
more  serious  because  of  another  set  of  considerations  of  a  quite  dif- 
ferent kind,  vis.,  the  funds  available  for  research  ahow  a  rather  alarm- 
ing tendency  to  accumulate  in  the  bands  of  a  few  large  observato- 
ries, leaving  manj-  astronomers  who  could  do  useful  work  without  the 
means  of  doing  it.  A  conspicuous  example  is  afforded  by  the  {vemnt 
state  of  the  work  for  the  Astrographic  Chart  initiated  in  Paris  seven- 
teen years  ago.  On  the  one  hand,  a  few  of  the  large  oKservatories 
have  easily  acquired  funds  not  only  for  taking  and  raeaauring  the 
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plat«8  aod  printiDg  the  resrults,  but  for  pu1>Ushing  an  expensive  set 
of  charts  which  will  be  of  verj'  Hltleuse  to  anyone;  on  the  other  !i»ud, 
some  of  their  colleH^es  have  found  the  utmost  difllculty  in  getting 
funds  for  even  taking  the  plates;  others  have  got  so  far  but  cannot 
proceed  to  measure  them;  and  very  few  indeed  have  yet  funds  for 
printinj^.  If  there  had  been  a  true  spirit  of  cooperation  for  the  general 
good  in  this  enterprise,  surely  eome  of  the  funds  being  squandered  on 
(he  comparatively  useless  charts  would  have  been  devoted  to  the 
proper  completion  of  the  only  part  of  the  scheme  which  has  a  chance 
of  fulfillment.  I  do  not  mean  to  imply  that  this  would  have  been  an 
easy  matter  t«  arrange,  but  it  is  noteworthy  that  no  attempt  in  this 
direction  has  been  made,  and  that  as  a  consequence  a  promising 
scheme  is  doomed  to  failure  in  one  important  particular.  For  though 
the  survey  of  the  whole  sky  to  the  eleventh  magnitude  may  some 
day  be  completed,  it  will  be  sadly  lacking  in  homogeneity.  Some 
sections  are  finished  before  uthem  are  begun,  so  that  in  the  vital 
matter  of  epoch  we  shall  have  a  scrappy  and  straggling  series  instead 
of  a  compact  whole. 

Cooperation  in  scientific  work,  the  necessity  of  which  is  being  borne 
in  upon  us  from  all  mdcs,  is  nevertheless  beset  with  difRculties,  and 
no  doubt  we  shall  only  reach  success  through  a  series  of  failures,  but 
we  shall  reach  it  the  more  rapidly  if  we  note  carefully  the  weaknesses 
ol  BUcccsMve  attempts.  In  the  particular  scheme  of  the  Astrographic 
Chart,  I  think  an  error  which  should  be  avoided  in  future  wu«  made 
by  thoeo  who  have  acret»  to  the  chief  nturcea  of  uatrononiicoj  en- 
dowment. They  have  made  the  enterprise  doubly  difficult  for  their 
eollcagues:  first,  bj'  setting  n  standard  of  work  which  was  unattain- 
able with  limited  resources;  and,  secondly,  by  depicting  the  reser^'es 
which  might  have  gone  to  assist  the  weaker  observatories. 

It  is  easier  lo  draw  attention  to  these  modem  tendencies  than 
to  suggest  fi  remedy  for  them.  It  may,  perhaps,  Iw  questioned 
whether  a  remedy  ip  either  possible  or  necessorj';  it  may  be  urged 
that  it  is  both  inevitable  and  desirable  thnt  astronomical  observa- 
tion should  gravitate  more  and  more  to  those  well-equipped  ol>Ger\'- 
at«ries  where  it  can  be  best  conducted,  and  that  new  resources  will 
obtain  the  greatest  results  when  added  to  a  working  capital  which 
is  already  large.  From  the  purely  economical  point  of  view  of  getting 
results  most  rapidly,  these  conclusions  may  be  true.  But  if  we  look 
ftt  the  human  side  of  the  question,  I  hope  we  shall  dissent  from  them; 
if  we  think  first  of  astronomers  rather  than  of  the  accumulation  of 
astronomical  facts,  I  hope  we  shiUl  admit  that  something  mxLst  be 
done  to  check  the  excessive  specialization  and  the  inequalities  of 
opportunity  towards  which  there  is  a  danger  of  our  drifting.  Wo 
eumot  afford  the  division  of  astronomers  into  two  types:  one  isolated 
in  a  well-equipped  ob6er\-atory  in  a  fine  but  rather  inacccsnble 
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rlimale,  spending  his  whole  time  in  observing  or  taking  pbolograpbft; 
Hnother  in  the  aiiclet  of  civilizaliun,  enjoying  all  the  advantages  of 
intercourse  with  other  scientific  men,  but  with  no  telescope  worth 
using,  and  dependent  for  his  materiaj  on  the  observations  made  by 
others.  Some  division  of  labor  in  this  way  is  doubtless  advantageoua, 
but  wc  must  beware  leet  the  division  become  too  sharply  pronounced. 
Will  it  be  poRtible  lo  prevent  its  undue  growth  by  some  alternation 
r>f  duties?  Can  the  hermit  observer  and  the  university  professor 
take  turn  and  turn  about  to  the  common  benefit?  The  proposal  is 
perhaps  a  little  revolutionary,  and  has  the  obvious  disodvontug^  of 
inconvenience  and  expense  at  the  epochs  of  change;  but  I  do  not 
think  it  should  be  &et  aside  on  theae  grounds. 

I  must  admit,  however,  that  1  am  not  ready  with  a  panwea.  It 
lias  been  chiefly  my  object  to  draw  attention  lo  some  modem  t«nd- 
enciea  in  aittronaniical  worlc,  hoping  that  the  remedies  may  be 
evolved  from  a  general  consideration  of  them.  Sucb  questions  of 
the  relutionahip  of  tiic  worker  to  hie  work  arc  even  harder  to  solve 
than  those  we  meet  with  in  the  work  itself.  But  there  is  at  least  this 
excuse  for  noticing  them  on  an  occasion  like  the  present,  that  they 
are,  lo  some  extent,  common  to  nil  deparlment.s  of  knowledge,  and 
nur  difficulties  may  come  to  the  notice  of  others  who  have  had  oc- 
casion to  consider  them  in  other  connections  and  may  be  able  to  help 
US.  Or.  again,  we  may  take  the  more  flattering  view  that  the  human 
problems  of  astronomy  to-day  may  he  those  of  some  other  science 
to-morrow;  for  astronomy  is  one  of  the  oldest  of  the  sciences,  and 
has  already  passed  through  many  stages  through  which  othera  must 
pass.  In  any  case,  we  must  deal  with  these  problems  in  the  sight  of  all 
men:  and  of  all  the  consequences  entailed  by  our  lately  acquired 
opportunities,  none  are  more  interesting  and  none  can  be  more  im- 
portant to  us  than  those  affecting  the  astronomer  himself. 
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The  investigator  in  any  fieM  of  knowledge  must,  as  the  price  of 
success,  both  comprehenii  the  general  principles  underiying  hiBspecini 
problem,  and  give  constant  care  to  its  details.  Vet  it  is  well,  non- 
and  then,  to  leave  details  behind  and  consider  the  bearing  of  bis 
work  upon  the  science  as  a  whole.  Whether  our  subject  is  that  of 
deternuuiiig  the  accurate  positioDB  of  the  stars,  or  their  radial  \'eloc- 
Itlee,  the  orbita  of  the  planets,  or  the  constitution  of  the  sun,  ice  are 
making  but  minor  contributions  to  the  solution  of  the  two  great 
problems  which  at  present  compose  the  science  of  aatronomy.  Tbeee 
problems,  perhaps  the  most  profound  in  the  realm  of  niatt«r,  niay  be 
stated  thus: 

(1)  A  determination  of  the  structure  of  the  sidereal  universe;  of 
the  form  of  that  portion  of  limitless  xpaee  occupied  by  the  universe; 
of  the  general  arrangeintrnt  of  the  mderpul  unitK  in  apace;  and  of  their 
motions  in  accordance  with  the  law  of  gravitation. 

(2)  A  determination  of  the  constitution  of  the  nebulc,  Btars. 
plftoets,  end  other  celestial  objects;  of  their  physical  conditions  and 
relationa  to  each  other;  of  the  history  of  their  development,  in  accord- 
ance with  the  principle-s  of  sidereal  evolution ;  and  of  what  the  future 
has  in  store  for  them. 

The  first  problem  baa  for  its  purpoxe  to  determine  ichere  the  stars 
are  and  whither  they  are  going.  It  has  been  ably  treated  under  the 
head  of  aetromctni'. 

The  second  i=cck.?  to  determine  the  nature  of  the  heavenly  bodies, 
—  wkai  the  stars  really  are.  This  field  of  inquiry  is  well  named  astro- 
pbyHicd. 

The  motives  of  these  problems  are  distinct  and  deGnit«;  but. 
judged  by  the  ultimate  bearing  of  his  results,  nearly  every  astronomer 
is  working  in  both  fields.  The  astrophysicist  borrows  the  tools  of  tJie 
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astronomer  of  po»tion,  the  latter  uses  the  results  of  the  former,  and 
vtea  versa.  Let  me  give  two  iUiistrntions.  Astrophysirs  desires  to 
know  the  relative  radiating  power  of  matter  in  different  types  of 
stars,— the  Hirian  and  solar  types,  for  example.  The  meridian  circle  ' 
and  the  telescope  *  discovered  a  companion  to  Siriiis;  tlie  micro- 
meter determined  the  form  and  position  of  the  orbits;*  the  heliometer 
obBcn-ed  the  star's  distance;*  and  the  photometer'  measured  the 
quantity  of  light  received  from  it.  ComputHtioDs  determine  from 
these  data  that  Sirius  is  but  two  and  ono  half  times  as  massive  as 
our  Hun,'  whereas  it  radiates  twenty-one  times  na  much  light;  '  from 
which  it  follows  that  a  given  quantity  of  matter  in  Sirius  radiates 
many  times  as  effectively  as  the  same  quantity  of  solar  matter,  —  a 
fact  of  prime  importance  in  the  astrophysical  study  of  all  Sirian  stars. 
The  parallaxes  of  the  stars  are  needed  by  the  student  of  stellar 
evolution  as  nell  as  by  the  student  of  the  structure  of  tho  henveas. 

Again,  the  measurement  of  radial  velocities  of  the  stArs  has  been 
left  almost  completely  to  those  observers  who  are  espetially  inter- 
ested in  astrophysical  problems  and  methods,  yet  it  is  the  student 
of  astrometry  who  is  eager  to  use  their  results.  The  overlapping  of 
the  two  departments  of  astronomy  is  but  the  sj'mbol  of  progress. 

The  term  aslrophysics  is  of  the  preeeiit  geueration,  but  the  begin- 
nings of  astrophysical  inquiry  are  somewhat  older.  Theories  of  plan- 
etary evolution  by  Kant"  and  Laplace; "  obeervations  of  nebulse 
and  star  clusters  by  the  elder  Hcrschcl,'"  and  liis  wonderfully  saga* 
oous  deductions   concerning  tbcra;  various  studies  of  planetary 
xnarkings  and  conditions;  systematic  investigations  of  the  euii-spots, 
including  Schwabe's  discovery  "  of  their  eleven-year  period;  —  these 
constituted  the  main  body  of  the  science  in  1859.  But  the  spirit  of 
inquiry  as  to  the  nature  of  the  heavenly  bodien  was  latent  in  many 
quarters;  and  KirchhofF's  immortal  discovery  of  the  fundamental 
principles  of  spectrum  analysis  "  opened  a  gateway  which  many 
were  eager  to  enter.   Tlie  spcrtnisoopc  became  at  onee,  and  has 
remained,  the  astrophysicist's  principal  instrument.    However,  the 
spectrum  is  not  his  only  field,  nor  the  speotroswope  his  only  tool. 
Radiation  in  all  its  aspects,  and  the  instruments  for  determining  its 

'  BMsel.  Attron/)mMf3\e  !fae}irvkten,  new,  514,  515,  SIO;  and  Monthly  ffolvxi. 
Royal  Aitnmomieal  Socirty.  Vi.  IIW. 

*  AUrtmomiMJi*  Nachrifhtrn.  i.Vi J.  131, 

'  Zwirra.  Proeadivgi,  Amsterdam  Aetuicmy  o(  Sdencw,  May  27,  1S99. 

*  j1nna!*ortheCapcOl)nKrvaii)r,v,vni,  jHirtn. 

*  Anrvtis,  Harvard  CollvKC  Olwicfvatory.  xir,  norti,  1£2. 
'  Auwrn,  AitrwunniKhs  MacJtnclUen,  cxius,  233. 

*  Clrrk'-,  Prfihlfmt  in  Aifrophytict,  199, 
'  Kant's  Atl^rmeine  XaturffettMelUe. 

*  LaplBce'a  Erpotxtian  rfu  Syttlrme  du  Monde,  n.  205. 

'•  Vtdumiiious  and  fn-riitent  napere  in  Pkihtophwal  Trangtuiwnt,  from  about 
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"  Phiianjikical  Magmne,  xx,  93. 
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quantity  ami  quality,  are  the  means  to  the  ends  in  view.  And  the 
great  gcnerulizatinnn  of  scientitic  truth,  the  doctrinea  of  evolution 
and  of  the  conoervation  of  energy,  for  example,  have  been  no  less 
helpful  burc  than  elsewhere. 


1 


The  study  of  our  sun  forms  the  principal  basis  of  aatrophysical 
research.  The  sun  is  an  ordinary  star,  comparable  in  siie  and  condi- 
tion with  millions  of  other  stars,  but  it  is  the  only  one  near  enough  to 
show  a  disk.  Tlie  point-image  of  a  distant  star  must  be  studied  as  an 
inte^atcd  whole;  whereas  the  sun  may  be  observed  in  considerable 
f;oometrical  detail.  Wc  cannot  hope  to  understand  the  stars  in  geD«r&l 
until  we  have  first  made  a  thorough  study  of  our  own  star. 

We  are  unable  to  study  the  body  of  the  sun,  except  by  indirect 
methods.  The  interior  is  invisible.  The  spherical  body  which  we 
popularly  speak  of  as  the  sun  is  hidden  from  view  by  the  opaque 
photosphere.  This  photoflpheric  veil,  including  the  sun-epots;  the 
brilliant  faculte  and  flocculi,  projecting  upward  from  the  photosphere; 
the  reversing  layer,  in  effect  immediately  overlying  the  photo«pher«; 
the  chroniospliore,  a  stratum  associated  with  and  overlying  the  revers- 
ing layer;  the  prominences,  apparently  ejected  from  the  chromo- 
sphere; and  the  corona,  extending  outward  from  the  sun  in  all  direc- 
tions to  enormous  distances; — these  superlatively  interesting  features 
of  the  sun  constitute  the  only  portions  acceeaible  for  direct  observa- 
tion ;  &nd  they  are  an  insignificant  part  of  its  mass.  They  are  liter 
ally  the  ^un'a  outcants.  Our  knowledge  of  the  sun  is  based  almost 
exclUHively  upon  a  study  of  Uie&e  outcasts.  Mevertheleia,  we  &ce  able 
to  fonnulate  a  fairly  simple  and  satisfactory  theory  of  its  constitu- 
tion. 

The  materials  composing  the  sun  appear  to  be  the  same  as  those 
forming  the  earth's  cruet.  Of  the  eighty  known  elements,  slightly 
more  than  half  have  been  observed  in  the  revcreing  layer  and  chromo- 
sphere, by  means  of  their  spectra.  The  existence  of  others  remains 
unproved,  but  there  are  no  reasons  to  doubt  that  they  too  are  present.  I 
Our  most  complete  study  of  the  sim's  composition  was  made  by 
Rowland,*  and  he  hits  said  that,  if  the  earth  were  heated  to  the 
temperature  of  the  sun,  the  terrestrial  and  solar  spectra  would  be 
\-irtuaIly  identical. 

The  force  of  gravity  at  the  sun's  surface  is  well  known,  but  the 
radial  pre-ssures  at  interior  points  are  somewhat  uncertain,  as  the;' 
depend  upon  the  unknown  law  of  increasing  density  with  increasing 
depth.  The  minimum  value  of  the  pressure  at  the  sun's  centre  is 
thought  to  be  fully  ten  thousand  million  times  the  pressure  o£  onr 
atmosphere  at  sea-level.'  The  most  probable  value  of  the  eSoctive 

*  Phyneal  PaperM.  pp.  .121-524. 

*  Arrlicnius,  Lchrintch  drr  KovmuictuTi  Pkytik,  p.  123. 
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tempcmture  of  the  sun's  radiating  surface  is  6000°  Centigrade,*  and 
the  minimum  vulue  for  the  centre  in  perhaps  five  million  degrees.  In 
Ticw  of  these  high  temperatuKs,  and  the  low  average  denisity  of  the 
■un,  the  interior  must  bo  largely  gRseou*.  and  perhaps  entirely  so; 
'  although,  under  the  stupendous  pressures,  a  great  contral  core  is 
{unbably  of  a  viscous  consistency,'  but  ready  to  assume  the  usual 
pToperties  of  a  gns  when  the  coDvection  currents  carry  the  viscous 
masaeB  up  into  regions  of  lower  pressure. 

The  surface  ftratu  are  radiating  heat  into  surrounding  space.  To 
maintain  the  supply,  it  is  imperative  that  convection  currents  should 
earr^'  th«  cooled  masses  down  into  the  interior,  and  bring  correspond- 
ing liot  masses  up  to  the  surface.  Those  currents  make  the  sun  a  very 
tempestuous  body.  Further,  the  outrusliing  materials  must  acquire 
the  higher  rotational  speeds  of  the  eurface  strata,  and  the  inrushing 
must  lose  their  tangential  momentum;  and  these  can  scarcely  be 
ineffective  factors  in  the  sun's  circulatory  t!>'stem. 

The  mechanical  theory  of  the  maintenance  of  at  least  a  part  of 
the  sun's  radiation  must  bo  considered  as  a  necessary  consequence  of 
the  law  of  gravitation  —  as  unavoidably  a  consequence  of  that  law  as 
precession  is.  HelmholtK  computed  that  a  contraction  of  the  solar 
diameter  of  less  than  400  feet  per  year  *  woidti  suffice  to  maintain  the 
present  rate  of  flow.  Whether  this  is  the  sole  source  of  eupply  Is 
uncertain,  aud  very  doubtful.  The  discovery  of  sub-atomic  forces  in 
uranium,  thorium,  and  radium  i.tof  intere.ft  in  this  connection.  These 
radioactive  aubiitances  have  revealed  the  existence  of  inCenae  forces 
within  the  atom,  long  dreamed  of  by  students  of  physics  and  chem- 
istj>',  but  never  before  realixed.  The  energ>-  ra<liatcd  by  an  atom  of 
these  substances  is  thousands  of  times  greater  than  that  represented 
by  the  ordinary  chemical  transformations  of  equal  maasea  of  any 
^known  element.  Whether  these  forces  are  working  within  the  sun, 
prolonging  its  life  many  fold,  and  incidentally  diminishing  the  re- 
quired rate  of  HelmhoUzian  contraction,  we  do  not  know ;  but  we  are 
not  justified  in  treating  gravitation  as  the  sole  regulator  of  radiation.* 
We  are  encouraged  to  this  view  kiy  the  fact  that  the  age  of  the  earth, 
as  interpreted  by  geology  and  biology,  is  many  times  greater  than  the 
superior  limit  Mt  by  the  gravitational  theory. 

The  dazzlingly  brilliant  pholospheric  veil  which  limits  the  depth 

of  our  solar  view  is  dne,  with  no  room  for  doubt,  to  the  condensation 

of  those  metallic  vapors  which,  by  radiation  to  cold  space,  have  cooled 

■bdow  tbcir  critical  temperatures.    These  clouds  form  and  float  in 


'  Young.  Popular  Astrwvmiy,  xu,  225, 

»  Yeniag,  rfceSun.  p.  331, 

'  /Krf,  p.  315. 

*  Young,  Popular  AUronomfi,  j>.  225.  Thin  srticl?,  mwJ  the  volume  rvfciTMl  t« 
Id  footnuU)  no.  2  %n  the  bMt  existing  reporitoriM  «f  facte  uid  thMtriea  relatiag 
to  thenu. 
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a  great  eea  of  uncondensed  vapors,  very  much  as  do  our  terreetrial 
clouds;  but  it  seems  probable  that  the  process  of  formation  is  con- 
tinuous and  rapid;  and  that  Ihey  are  added  to  from  above,  or  from 
the  interstices,  and  melt  away  from  below. 

The  8un-8pot8  are  the  most  eitcnsivel y  studied  and  the  least  under- 
stood of  all  solar  phenomena.  That  they  are  large-^cale  interruptions 
in  the  photosphere,  and  at  the  eame  time  the  most  striking  e>'idence 
of  atmospheric  circulation,  there  can  be  no  doubt.  Observations 
made  near  the  sun's  limb,  to  determine  whether  the  spots  are  eleva^ 
tions  or  depressions  with  refereni*e  to  the  photosphere,  seem  nut  to  be 
reliable,,  perhaps  becauw  of  abnormal  refractions  in  the  strata  o%'er- 
lyiug  and  auirounding  the  spots.  In  the  earth's  atmosphere,  a  high 
barometer  is  the  indication  of  descending  currents,  which  generate 
heat  by  compression  and  prevent  cloud  formation.  Is  not  the  umbra 
of  a  spot  an  area  of  high  pressure,  which  forces  the  solnr  atmosphere 
slowly  downward,  preventing  cloud  formation  in  that  area,  but 
favoring  the  growth  of  brilliant  fsculie  and  flocculi  in  the  regions  of 
uprusli  surrounding  the  spot,  s  theory  first  suggested  by  Secehi? 

Tlic  visible  spots  are  not  the  sole  evidences  of  circulation.  The 
surface  is  covered  with  u  network  of  interstices,  or  venta  between 
clouds,  which  probably  exercise  all  the  functions  of  the  \-isible  spots, 
but  on  a  smaller  scnJc 

There  is  no  reason  to  question  the  truth  of  Young's  diaeovery  that 
the  Frnunhofer  lines  originate  in  the  absorption  of  a  reversing  layer  ' 
—  a  thin  stratum  of  uncondeneed  vapors  lying  immediately  over 
and  between  the  photospheric  cloud.^. 

The  chromospheric  stratum,  several  thousand  miles  in  thickncee. 
includes  and  extends  far  above  the  reversing  layers,  and  contains  the 
lightergaaes,  such  as  hydrogen  and  helium,  and  the  vapors  of  calcium, 
sodium,  magnesium,  and  other  elements  which  do  not  condense  under 
existing  temperntures. 

The  prominences  have  in  general  the  same  composition  as  the 
chromosphere.  In  some  the  lighter  gases,  and  in  others  the  heavier 
metallic  vapors,  predominate.  They  are  portions  of  the  chromosphere 
projected  beyond  its  usual  level  by  the  more  \-ioIent  ascending  cur- 
rents, or  perhaps  by  eruptions  of  a  volcanic  charaeter;  and  these 
forces  are  almost  certainly  augmented  by  the  pressure  of  tbe  stm's 
radiation.  It  is  difficult  to  account  for  t)ie  quiescent,  cloud-like 
proniiucnces  in  regions  far  above  the  chromosphere  on  any  supposition 
other  than  that  they  are  in  equilibrium  under  the  opposing  influences 
of  gra\-ity  and  radiation  pressure. 

The  nature  of  the  forces  which  control  the  general  and  detailed 
coronal  forms  is  but  little  understood.  Motion  within  the  corona  has 
never  been  directly  observed.    Yet  we  cannot  question  that  the  com- 

>  U.  S.  Coatt  £i<rv«y  Aaporl,  1870,  pp.  141-1E6. 
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poQont  particles  are  driven  outward  from  the  sun,  and  that  many  of 
them  probably  fall  back  into  the  ^un,  either  singly  or  after  combining 
to  form  larger  massct.  It  !«  KUggestetl  that  outbound  particles  may 
be  started  on  their  way  by  the  violent  solar  circulation,  continued  on 
thrir  journey  by  radiation  prcesuro,  and  arriinged  in  the  chturacteriatic 
strcomcrs  under  the  influence  of  magnetic  forces. 
The  light  received  from  the  corona  is  of  three  kinds: 

(1)  A  small  quantity  of  bright-line  rndiations  from  a  gits  overlying 
the  chromosphere.  This  gas  is  unknown  to  terrestrial  chemistry,  and 
aetronomers  provisionally  call  it  coronium.  It  is  distributed  very 
irregularly  over  the  soUr  liphere,  and  shows  a  decided  preference  '  for 
the  eun-epot  zones. 

(2)  The  bright-line  radiatioDS  from  coronium  are  nlmoet  a  negligible 
quantity,  in  comparison  with  thoBc  from  the  eamc  regions  which  form 
a  strictly  continuous  spectrum,  and  which  eeem  to  be  due  to  the 
incandejicenceof  minute  particles  heated  by  the  intense  thermal  radia^ 
tions  from  the  sun. 

(3)  A  small  proportion  of  the  inner,  and  a  large  proportion  of  the 
outer,  coronal  light  are  solar  rays  reflected  and  diffracted  by  the  coro- 
nal particles. 

Arrhenius  has  recently  shown  that  Abbot's  observation  '  of  an  ap- 
parent temperature  of  the  corona  nearly  equal  to  that  of  Ms  observing 
room  is  in  harmony  with  the  spectitjgraphic  evidence  of  an  inner 
corona  composed  of  incoudeacent  particles.  Arrhenius*  finds  that  one 
minute  dust  particle  to  each  11  cubic  meters  of  space  in  the  coronal 
region  observed  by  Abbot ,  raised  to  the  temperature  of  4620°  absolute 
required  by  Stefan's  law,  would  give  a  corona  of  the  observed  bright- 
neits,  and  of  the  observed  temperature.  The  bolometric  strip  meas- 
ured the  resultant  temperature  of  the  few  highly  heated  particles 
and  the  cold  background  of  space  upon  which  the  particles  ore  seen 
in  projection. 

Anhenim  further  eatim&tes  that  a  corona  composed  of  incandescent 
dust  particles  need  not  have  a  total  mass  greater  than  25,000,000  tons, 
to  radiate  the  quantity  of  light  yielded  by  the  brightest  corona 
obsen-ed.  This  is  approximately  that  of  a  cube  of  granite  only  200 
meters  on  each  side;  a  remarkably  small  mass  for  a  volume  whose 
linear  dimensions  are  millions  of  kilometers. 

This  rfsumi  of  solar  theory  necessarily  overlooks  many  unsettled 
points  of  great  significance.  Most  important  of  all,  perhaps,  is  that 
of  the  Boiar  constant:  does  it  vary,  and  in  accordance  with  what  law? 
Why  is  there  a  sim-spot  period,  and  why  are  the  large  spots  grouped 
within  limited  tones?    Why  does  the  form  of  the  corona  vary  in  a 


'  Atlrirpkynai!  JMtntai,  3a,i3l. 
'  Attroph^ftntQlJotirruii.^n.  71-75. 
*  lAck  ObtfTTatcry  tvtlttin,  no.  58. 
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period  oqunl  in  length  to  tlie  spot  periodt  Why  does  the  angular 
speed  of  rotation  increase  from  the  poles  lo  the  equutor?  What  is  the 
origin  of  the  faculje  and  the  flocridi?  Why  do  the  Fraunhofer  lines 
show  little  evidence  of  high  atmospheric  pressure?  Why  are  the 
ladiations  from  calcium,  one  of  the  be&\'y  elements,  so  prominent  in 
the  higher  chromosphcric  struta  and  in  the  prominenocs?  A  great 
number  of  such  questions  are  pres^og  for  solution.  Under  the 
stirauhis  of  tlie  brilliant  researches  of  our  chairman,  the  reinventor 
and  the  leadiug  developer  of  the  Bpectroheliogra.ph,  cooperative  plans 
for  Bolar  work  on  a  large  scale  are  now  being  organized.  We  sliould 
be  vitally  interested  in  promoting  these  plans;  for  the  study  of  the 
sun,  as  the  principal  foundation  of  astrophyeical  research,  has  been 
unduly  oogleetcd. 


ave  I 


The  celestial  bodies  develop  under  conditions  over  which  we  have 
no  control.  We  must  obtierve  the  facte  as  they  are.  at  long  range,  and 
interpret  them  in  accordance  with  those  principles  of  physical  science 
which  govern  what  seem  to  be  cloeoty  re]at«d  lerreethal  phenomena. 
A  successful  study  of  the  development  of  matter  in  distant  space. 
under  the  uifluence  of  heat,  pressure,  electricily,  and  other  forces  of 
nature  demands  a  complete  understanding  of  the  action  of  the  same 
forces  upon  terrestrial  matter.  The  astrophysicist  dwells  in  the 
Iaborator>'  a£  well  as  in  the  observatory;  and  laboratory  reaearchee 
must  supply  the  links  which  connect  world-life  and  staj>hfe. 

It  has  not  been  powible  for  laboratorj-  investigators  to  reproduce 
stellar  phenomena  on  a  .scale  approaching  that  occurring  in  nature, 
nor  ta  duplicate  conditions  of  temperature  and  pressure  existing 
within  the  stars;  and  thpse  are  unfortunate  limitations.  Neverthe- 
lesB,  many  euccesses  have  been  achieved  in  this  direction.  The  low- 
tcmperatupc  triuaiph^  of  Ocwar,'  Okzcwski,  and  others  approximate 
to  the  conditions  of  space  surrounding  the  stars.  The  electric  arc  aod 
Rpark  appear  (o  reproduce  the  temperatures  of  many  stellar  chromo- 
spheres and  reversing  layers.  The  electric  furnace  of  Mnissan*  seenui 
to  jfupply  temiHTuturps  mmpanihle  with  those  of  the  photosphere, 
and  it  promi&ct^  to  throw  light  upon  the  processes  of  cloud  formatioD 
in  the  stars.  Investigations  as  to  the  influence  of  var>'ing  pressuree, 
—  from  almost  perfect  vftcua  up  to  many  atmospheres,  —  t*  to  the 
effects  of  varj-ing  electrical  conditions  and  of  other  factors,*  have 
answered  many  celestial  questions,  and  introdiuied  ottwra  equally 
pressing. 

Laboratory  observations  have  established  that  the  spectra  of  the 
elements  are  not  the  same  imder  all  circumstances.     Wc  formerly 

'  Numi'roiis  papen  in  Froretdinat  of  the  Roral  Society,  priDvipaJty  betwam 
1890  MKl  1900. 
'  Numoroua  papera  In  Contpdw  Rendv.  prindpaUy  between  IS&O  and  lilOO, 
'  Kayaer'ti  nunJ&ucA  tier  SjttetroKQpU,  li,  26&-337. 
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thought  it  remarkable  that  nitrogen  should  have  two  or  tlircc  char- 
acteristic spectra,  or  that  a  metfll  aliould  linvu  a  spark  spwlnim  and 
an  arc  Fpectnim.  We  are  now  confronted  with  the  potent  fact  that 
an  element  may  have  a  variety  of  spectra,  depending  upon  the  nature 
and  the  intensity  of  the  furceK  employed  in  rendering  it  luminous.* 
But  for  mo»t  cartes  these  involve  only  moderate  variations  in  the 
relative  intenBiCJes  of  apcctml  lines.  The  complications  which  threaten 
to  result  thcn-from  arc  more  apparent  than  rcul.  The  multipiicity 
of  spectra]  reactions  promises  to  be  a  powerful  aid  to  analysis,  by 
supplying  a  more  exact  key  to  the  conditions  in  the  celestial  light 
source  which  produce  the  observed  effects. 

For  mai(y  yearn  following  the  application  of  the  spectroscope  to 
celestial  problems  it  was  suppoeed  that  a  continuous  spectrum  must 
indicate  incandescent  solid  or  liquid  Tnutter.  The  situation  is  not 
eo  fliinple  as  this.  Some  gaiies  radiating  under  high  pressures  give 
spectra  apparently  continuous. 

The  effect  of  increasing  temperatiu*  conditiona  on  certain  spectra 
has  long  been  well  known.     Certain  lines  are  enhaneod  in  relative 
brilliancy  when  we  pass  from  the  temperature  of  the  arc  to  that  of 
the  high-tension  npark,  and  viccvcraa;'  but  it  seems  certain  that, 
within  measurable  limits,  the  positions  of  the  lines  do  not  change 
under  this  influence- 
Humphreys  and  Mohler "  have  proved  that  the  spectral  lines  are 
shifted  by  pressure;  toward  the  red  with  increasing  preBSure  iu  the 
atmosphere  surrounding  the  arc.    It  is  not  difficult  to  »ee  the  bear- 
ing of  this  discovery  upon  astrophysical  iuquin,-.  Some  subjects  are 
made  more  complex;   but  the  hope  is  held  out  that  eventually  we 
may  detect  these  indications  of  pressure,  differentially,  in  the  brighter 
stare. 

It  is  also  known  that  the  spectra  of  some  elements  are  altered  by 
the  pieeence  of  other  elements,'  but  the  extent  and  character  of  the 
induced  changes  are  little  understood.  As  the  chemical  elements  are 
never  foimd  alone  in  celestial  bodies,  the  serious  coiiscqueuces  of  this 
effect  must  he  evident. 

The  temperature  in  glowing  Pluckcr  tubes  is  of  great  interest,  from 
its  bearing  upon  the  probable  Icmperftturesof  Tiebulw,  the  aurora*,  and 
other  bright-line  phenomena  of  a  diffuse  nature.  It  is  not  certaiji 
that  direct  observation  by  any  thermometric  device  can  deal  with  the 
problem.  The  measures  thus  far  attempted  have  assigned  tempera- 
tures but  a  few  degrees  higher  than  that  of  tiic  environment.  These 


'  Kajrver's  Bandirurh  ibr  Smcirinfopie,  ii,  222-3SS. 

»  Berlin,  Beru-hlt,  I8&4, 2^7-258;  Atlroiwmy  and  AHr9-PKynct,xm,  M0-M2; 
A»^09h>f»ieal  Jfftinuil,  xvn,  270;  and  nuuiv  othcm. 
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indications  are  probably  i-orrcct  for  the  average  temperature  of  the 
contents  of  the  tube,  but  haidly  so  for  thoee  molecules  which  are 
glowing.  It  has  been  suggested  that  perhaps  a  very  small  proportion 
of  the  molecules  receive  and  carr^'  the  discharge:  that  while  the 
molecules  in  action  may  be  very  hot,  the  average  fur  all  in  the  tube 
is  very  low.  It  Keema  reasonable  to  auppone,  alao,  that  the  tow-tem- 
peruturr  indication  is  due  iu  the  fuct  that  the  current  is  actually 
posting  but  a  i^mall  fraction  of  the  time.  The  effect  upon  the  eye 
is  that  of  a  continuous  glow,  whcrcae  the  thermometer  measures  the 
average  effect. 

The  influence  of  a  magnetic  Hold'  upon  the  character  of  spectral 
lines,  established  in  the  laboratory  by  Zeeman,  has  not  yet  Ijcen  ob- 
acrvcd  in  celestial  spectra,  but  its  detection  may  be  merely  a  question 
of  the  dispersive  power  available  on  faint  spectra. 

It  will  be  perceived  that  the  interpretatioti  of  celestioJ  spectra  must 
be  made  with  circumspection.  We  are  not  always  justified  in  rcaehing 
coDclUBions  upon  the  spectroscopic  evidence  alone;  {general  conditions 
must  also  be  taken  into  account.  For  example,  shall  we  say  that  the 
temperature  of  the  gaseous  nebulte  is  very  high,  because  they  haw 
bright-line  epectra?  On  the  contrary,  the  difficulty  of  mmntaining  a 
high  temperature  in  a  mass  ao  attenuated  shoiild  be  given  at  leut 
equal  weif^ht.  The  radiating;  molecules  or  particles  may  for  the  Instant 
bo  quite  hot,  but  the  effective  temperature  of  the  whole  nebula 
is  probably  low.* 

The  experimental  veriGfation  of  radiation  pressure  by  Lebedew' 
and  by  Nichols  and  Hull  *  is  far-reaching  in  ila  consequences.  We 
must  take  thia  fortie  into  account,  as  truly  and  as  constantly  as  we 
must  consider  gravitation.  Radiation  pressure  requires  ua  to  recon- 
struct our  theories  of  comets'  tails,  of  the  corona,  of  the  zodiacal  light, 
of  the  aurorH>,  —  in  fact,  of  every  phenomenon  of  nature  involvinf; 
minute  pjtrticlea.*  And  what  celestial  object  does  not  involve  them? 

On  the  other  hand,  the  student  of  the  stars  has  point«d  the  way 
for  the  laboratory  investigator,  hi  many  instances.  The  ultra-violet 
hydrogen  series  *  was  photographed  by  Uuggins,  in  the  spectriim  of 
Vega,  before  it  was  found  in  the  laboratory:  and  Pickering  has  dis- 
covered another  hydrogen  aeries,' in  Zeta  Puppis,  which  still  awaits 
terrestrial  duplication.  The  hypothetical  element,  helium,  in  the  sun. 
waited  a  quartez^century  for  Ramsay's  discovery,* and  the  laboratory 
investigation  '  of  its  more  complete  spectrum  which  followed.    Stu- 

'  ffnwiburh  drr  Sprrtrv»^4>pw.  n.  eiJ-872. 

*  Lthrbueh  drr  Kosmiteken  Phynk.  43. 
»  Annaloi  da-  Phytik,  l&Ol.  Vi.  «3. 
'  AatrophijtimlJiiumnl.  XY,  62;  XTU,  815;  xm,fta2, 

*  An-hntitis.  Phytikt^tKhe  ZnUchrilt,  Navombor,  1000. 
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dente  of  the  noliu-  coronn  and  of  the  gHitenuft  neliulx  are  diHcuKning 
the  properties  of  the  hypothetical  elcinentii  coronium  and  nebulium 
Blmoflt  as  familiurly  aa  if  they  haJ  uciuuUy  hundlcd  them.  Out  of 
wma  20,000  absorption  liiics  mappeil  by  Rowlunil,  mure  thau  llie 
half  are  awaiting  Iftboratory  idcntiHcntion. 

Iti  this  connection,  the  mathematical  rclntions  existing  between 
the  positions  of  lipes  in  the  spectra  of  many  of  the  principal  elements, 
disAvered  by  Balmer,'  Kayser,*  Runge.  and  Pasrhen,'  have  already 
been  of  great  utility;  and  they  can  scarcely  fail  to  illuminate  the 
queetion  of  the  construction  of  the  atoms  involved. 

A  new  era  of  physical  science  was  inaugurated  about  eight  yean 
ago  by  the  discoverj-  of  argon  on  the  one  hand,  and  of  the  X-rays  on 
the  other.   The  fonner  was  followed  by  the  discovery,  in  quick  suc- 
cession, of  several  oiher  constituents  of  the  earth's  atmosphere  which 
at  present  demand  our  attention  as  to  their  presence  in  chromospheric 
tod  auroral  phenomena.    It  would  be  most  surprising  if  the  many 
fonns  of  radiation,  including  those  of  the  radioactive  substances,  dis- 
covered in  the  train  of  the  X-rays,  should  not  throw  strong  light  upon 
the  constitution  of  matter.  And  bow  shall  we  deal  intelligently  with 
tlie  forma  of  matter  in  other  worlds  before  we  understand  the  constitu- 
tion of  matter  upon  the  cartli?    The  modem  tlieory  of  electrons,  in 
which  material  atoms  play  the  subordinate  part,  and  electric  charges 
the  principal  part,  promises  to  have  a  wide  nppliratiun  to  iMilestial 
phenomena,  further,  the  actual  transport  and  intcn-hangc  of  matter 
in  tbc  form  of  small  particles,  from  one  star  to  another,  as  urged  with 
fp^at  learning  and  Rltill  by  Arrheniug,'  seems  to  be  a  plain  and  un- 
avoidable consequence  of  recently  established  physical  facta.  Should 
this  theory  stand  the  test  of  time,  its  far-reaching  consequences 
'would  accord  it  a  position  of  the  first  rank. 


The  photographic  progrnmme  inaugurated  with  the  Croeslcy  Re- 
flector by  Keeler  comprised  104  negatives  of  the  regions  containing 
the  principal  nebula'  and  star-clusters.  These  photographs,  covering 
but  one  six-hundredth  part  of  the  entire  sky,  record  850  *  nebulje,  of 
which  746  are  new.  If  this  proportion  should  hold  good  over  the 
whole  sphere,  the  number  discoverable  with  this  instrument,  with 
expoeuree  of  ordinary  length,  would  be  half  a  million.  This  estimate 
vould  be  too  large  in  case  the  smaller  nebulie  have  a  tendency  to 
cluster  around  the  prominent  nobuls,  wliich  to  some  extent  is  prob- 
ably true.  The  number  of  stars  visible  in  our  great  telescopes  is  of 
the  Older  of  one  hundred  millions.   The  dark  or  invi»ble  bodies  in- 

'  Armal*n  dtr  Phynk,  xxv,  80. 

*  Beriin  AbhaTidhingm,  1890. 
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dicated  by  several  coQsiderations  —  the  planets  in  the  solar  eystom, 
the  spectroscopic  bin&riea,  the  eclipsing  variable  stars,  and  the  gra^n- 
tationit!  power  of  the  univeree  —  »;hould  outnumber  the  bright  ones 
several  fold.^  It  In  the  thesis  of  atitTophysics  that  all  these  objecta— 
the  nebulffi,  tlie  bright  stars,  ojid  the  invisible  bodies  — ■  are  relatetl 
products  of  a  Byntom  of  eidereul  evolution.  Tlie  general  courec  of  the 
evolutionary  process,  &s  applied  to  the  principal  olassos  of  celestial 
objects,  ia  already  known.  We  arc  able  to  group  these  clasMs.  with 
little  chftnce  of  serious  error,  in  the  order  of  their  cfTecti\'c  ages. 

The  earliest  form  of  material  life  known  to  us  is  that  of  the  gaseous 
Debulfe.  In  ncrordance  with  the  simplest  of  phyfiiral  laws,  a  nebula 
must  radiate  ita  heat  to  surrounding  space.  In  accordance  with 
another  law,  equally  simple,  it  must  contract  in  volume,  —  toward 
a  centre,  or  toward  several  nuclei, — and  generate  additional  beat  la 
the  proccBS,  Eventually  a  form  of  oonsiderflble  regularity  will  result. 
Whether  this  form  is  that  of  a  typical  planetary  nebula,  of  a  spiral 
nebula,  or  of  some  other  type,  is  a  matter  of  detail.  It  is  quite  possible 
that  unture  uses  several  moulds  in  tthnping  the  contracting  masaes, 
according  as  they  lie  on  one  side  or  the  other  of  critical  conditions.  The 
variety  of  existing  forms  is  extensive.  One  can  see  ver>-  little  resem- 
blance in  the  Trifid  Nebula,'  which  is  apparently  breaking  up  into 
irregular  masaes;  the  Dumb-Bell  Nebula,*  from  whose  nearly  circular 
form  rings,  of  matter  seem  to  1»  separating;  the  great  spiral  nebulip; ' 
the  King  Nebula  in  l-yra,*  with  a  central  stjir;  the  compact  planetary 
nebula  G.  C.  43d0,*  containing  a  dense,  well-defined  nucleus;  and 
many  others  of  distinct  tyjiea. 

The  condensed  globular  forms  occupying  the  positions  of  nebular 
nuclei  have  almost  reached  the  first  stage  of  stellar  life. 

It  is  not  difhciJt  to  select  a  long  list  of  TvelUknown  stars  which 
cannot  be  far  removed  from  nebular  conditions.  Thej«?  are  the  stars 
containing  both  the  Huggins  and  the  Pickering  series  of  bright 
hydrogen  lines,  the  bright  lines  of  helium,  and  a  few  others  not  yet 
identified,  Onmma  .^rgus  '  and  Zeta  Puppis '  are  of  this  claaa.  An- 
other is  DM.  +30.*3&39,'  which  is  actually  aurrounded  with  a  spher- 
ical atmosphere  of  hydrogen,  some  five  seconds  of  arc  in  diameter. 
A  little  further  removed  from  the  nebular  state  are  the  stars  contoio- 
ing  bgth  briglit  and  dark  hydrogen  lines;'  —  caught,  eo  to  qwak,  in 
the  act  of  changing  from  bright-line  to  dark-line  stars.    Gamma 
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'  Rfpart.  British  Aasociaticm  for  the  Advancemimt  of  Science,  1001,  593, 

'  Npwcnmli,  Thr  Start.  Frnittispiece. 

'  Roberts's  C'lfJitinl  Fhoto^rajtlU. 

'  Attrophymeot  JnurTial,  x,  193. 

'  Pubhratione,  Lick  Oliacrvatary.  in,  following  p.  229. 

'  Attrofutmy  and  Aitm-Phjrira,  xiii,  ^5fl. 

'  A*tropk)ineQlJva^ma\.  v,  92, 
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eiae,  Pleione,  and  Mu  Centauri  are  examples.  Closely  related 
lo  the  foregoing  are  the  helium  stars.^  Their  absorption  lines  include 
the  Huggins  hydrogen  series  complete,  a  score  or  more  of  the  coii- 
spicuouB  helium  lines,  frequently  a  few  of  the  Pickering  hydrogen 
series,  and  usually  some  inconspicuous  metallic  linen.  Calcium  ab- 
sorption is  absent,  or  acarccty  nnticeable.  The  white  etars  m  Orion 
and  the  Pleiades  are  typicaJ  of  this  age. 

The  causes  which  produce  bright  lines  in  stars  '  are  nut  thoroughly 
understood;  but  atm«jsphcrea  of  higher  temix-raturt-s  than  their 
underlying  strata,  or  verj-  cxtenBive  simple  atuioapheres,  seem  to 
be  demanded.  The  former  condition,  on  the  large  scale  required, 
iavolves  9om«  difficultieB,  and  mildly  suggests  the  possibility  that 
external  influences  may  be  acting  upon  the  radiating  strata  of  bright- 
line  Starg. 

The  assignment  of  the  foregoing  types  to  an  early  place  in  atcllar 
life  was  first  made  upon  the  evidence  of  the  8pectroscoi>e.  The  photo- 
graphic discovery  of  nebulous  masses  in  the  regions  of  a  large  propor- 
tion of  the  bright-line  and  helium  stars  affords  extremely  strong  con- 
firmation of  their  youth.  Who  that  has  seen  the  nebulous  baekground 
of  Orion,*  or  the  remnants  of  nebulosity  in  which  the  individual  stars 
of  the  Pleiades'  are  immersed,  can  doubt  that' the  stars  in  these 
groups  arc  of  recent  furmatioa? 

With  the  Inpae  of  time,  stellar  heat  radiates  into  space;  and,  so  far 
as  the  individual  star  is  concerned,  is  lost.  On  the  other  hand,  the 
force  of  gravity  in  the  surface  strata  increases.  The  inevitable  con- 
traction in  volume  is  accompanied  by  increasing  average  temperature. 
Changes  in  the  spectnim  are  the  nepeasary  consecpient'e.  The  second 
hydrogen  series  vanishes,  the  ordinary  hydrogen  ubsorption  is  in- 
tensified, the  helium  lines  lecome  indistinct,  and  calcium  and  iron 
absorptions  begin  to  ajwert  themselves.  Vega  and  Sinus'  are  con- 
spicuous examples  of  this  period.  Increasing  age  gradually  robs  the 
hydrogen  lines  of  their  importance,  the  H  and  K  lines  broaden,  the 
DQetallic  lines  develop,  the  bluish-whit^  color  fades  in  the  direction 
of  the  yellow,  and.  after  passing  through  types  exemplified  by  many 
|ire]l*known  stars,  the  solar  stage  is  reached.*  The  reversing  layer  in 
Bolar  stars  represents  but-  four  or  five  hydrogen  absorption  lines  of 
moderate  intensity;  the  calcium  lines  are  commsndingly  prominent; 
and  some  20,0(»0  metallic  lines  are  observable.  The  solar  type  seems 
to  lie  near  the  BUmmit  of  stellar  life.    The  average  temperature  of 


'  C1erkc*i  PrcbUnM  in  Attrophijnr*.  p.  180. 

*  FVwt's  SfJ\riTtrr's  Aslrfmontifot  .^pfdrouxtpy,  p.  260. 

*  Uan'ori  AnncSa.  xxxii.  W.  tnd  plnte  in.  fig.  4. 

'  Cl*rki>'»  S;/.item  of  fhe  Stan.  p.  'J'ii,  end  frontlBpli^c*. 

*  Hue^ni),  .1  n  Atlat  of  Hcpremnintiv  Steltar  Speiira,  pintca  r  and  n. 

*  /fridT  plate  vii. 
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the  tnas8  must  be  nearly  a  mnximum,  for  the  low  density  indicates 
a  constitution  thnt  is  still  gaseous. 

Passing  time  brings  a.  lowering  of  average  temperature.  Tbe  color 
passes  from  yellow  to  the  red,  in  consequence  of  loirer  radiating  tem- 
peratures and  increasing  general  absorption  by  the  atmosphere.  Tbe 
hydrogen  lines  become  indistinct,  metallic  nbearpUon  remains  pro- 
minent, and  broad  absorption  bands  are  introduced.  In  one  type,  of 
which  Alpha  Herculis  '  is  an  example,  these  bands  are  of  unknown 
origin;  in  another,  illustrated  by  19  Piaoium,*  they  have  been  de- 
finitely identified  as  of  carbon  origin.  The  relation  between  the  two 
types  is  not  clear.  It  has  even  been  advocated  that  the  evolutionary 
process  divides  shortly  after  passing  the  solar  stage:  that  the  reddish 
stars  with  absorption  bands  sharply  terminated  on  the  violet  edges 
are  on  one  branch,  and  that  tbe  verj*  red  stars  with  ahftorption  bands 
fihurply  defined  on  the  red  edgeK  are  on  the  other  brunch.  This  plan 
of  overcoming  adifficultyseems  to  metn  intrnduce  agreater difficulty; 
and  I  do  nut  doubt  that  systematic  investigation  will  supply  the  con- 
ncctiona  now  niisaing.  That  the  denser  edges  nf  the  bands  in  Type 
IV  *  Seechi  should  occupy  the  same  positions  as  the  denser  edges  of 
abiwrption  bands  in  Type  iii '  can  hardly  be  without  significance; 
and  Keeler's  view  that  the  carbon  absorption  bands  in  Type  iv  arc 
nintchecl  by  carbon  radiation,  in  some  stars,  at  least,  of  Type  in, 
sugge.sts  a  most  promising  line  of  investigation  for  [wwerful  instru- 
ments. 

There  is  scarcely  room  for  doubt  that  these  types  of  stars  are  ap- 
proaching the  last  stages  of  stellar  development.  S^irfaoe  tempera- 
tures have  lowered  to  the  point  of  permitting  more  complex  chemical 
coaibinationBthan  those  in  the  sun.  The  development  of  "pun-spote" 
on  a  large  scale  is  quite  probable,  and  the  first  struggles  to  form  a 
crust  may  be  enacted.  Type  iii  includes  the  several  himdred  long- 
period  variable  stars  of  the  Omicron  Ceti '  class,  whose  spectra  at 
miixiinum  brilliancy  sliow  several  bright  lines  of  hydrogen  and  other 
elements.  The  hot  gases  and  vapors  seem  to  be  alternately  impris- 
oned and  released.  It  is  significant  that  the  dull  red  stars  are  all  verv 
faint,  —  there  are  none  brighter  than  the  5)  magnitude.  Their  effect- 
ive radiating  power  is  undoubtedly  ver>'  low. 

The  period  of  development  succeeding  the  rednstar  age  of  Type 
IV  has  illustrations  near  at  hand,  in  the  planets  Jupiter  and  the 
earth ;  invisible  save  by  borrowed  light.  When  the  interior  beat  of  a 
b<Mly  shall  have  become  impotent,  the  future  promises  nothing  sa^t 
the  etow  leveling  iiifiuence  of  its  own  gravitation  and  meteorulugicat 

>  IIuegiiM,  ^n  Atki»  of  TUj/rtsfnialivt  SttHar  Sjwdra,  plat*  xn. 
»  Clerko'«  Pri^lemn  in  .■l»(ro-Phy«i«  p.  818. 

*  FkWb  ScJieiner.  p.  313. 

*  [bid.  !>  .100. 

*  Clerkc'i  Prvbkmg  in  Aitro-Phi/aia,  p.  324. 
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el«mcut3.  It  ii  true  that  a  colliaton  may  occur  to  traiieform  a  dark 
jboily's  enerKV  of  motion  into  heat,  sufficient  to  convert  it  into  a  glow- 
'ing  nebuln,  and  start  it  oaoe  more  over  the  long  path  of  evolution. 
This  is  a  bemitiful  theory,  but  the  facts  of  obKer\'ation  do  not  give 
it  satiKfufl^try  support.  There  is  little  doubt  that  the  principal  nova^ 
'of  recent  yearn  have  Ijeen  the  renultfi  of  colliiaun*,'  cither  between  two 
maesive  (lurk  bodicis,  or  between  a  miuisive  body  and  an  inviBible 
iwbula.  The  auddennoss  with  which  intense  brilliflncy  is  generated 
would  eeeni  to  enll  for  the  former,  but  the  [atter  is  much  more  prob- 
■ble,  in  view  of  many  facts.  The  nebular  spectra  of  the  novie  are 
^lenerated  in  a  few  months: '  but  in  every  ca.w  thus  far  obser\'etI  the 
right  nebular  bands  grow  faint  very  rapidly,  and  in  the  course  of 
a  few  years  leave  a  continuous  spectrum,  —  apparently  that  of  an 
ordinary  star.  Either  the  masses  involved  in  the  phenomena  arc 
extremely  smalS,  or  the  disturbances  are  but  skin-deep.  In  nny  case, 
the  novic  afford  little  evidence  as  to  the  complete  renebularization 
of  dark  bodies, 

I  spoke  of  the  average  temperature  of  a  developing  star  as  reaching 
a  maximum  near  the  solar  stage  when  the  border-line  between  gasctnis 
and  liquid  constitution  is  reached.  This  refers  to  the  entire  mass. 
The  law  of  surface  temperatures  is  quite  a  different  one.  The  bright- 
line  and  helium  stnre  aeem  to  have  hotter  surfaces  than  the  solar  and 
red  stars.  The  spectra  which  we  oliserve  are  surface  phenomena  which 
indicat«  the  tem]>erature8  of  tlie  radiating  and  absorbing  strata.  The 
maximum  intensity  of  continuous  radiations  is  higher  up  in  the  spec- 
trum for  the  white  stare  than  for  the  yellow  and  red,  a  safe  indication 
of  higher  temperatures.  The  lines  in  white-star  spectra  are  distinctly 
the  enhanced  linea  thought  to  be  produced  by  high  temperatures. 
These  facts  are  not  inhamionioua.  Surfai-e  temperature  is  a  functioa 
of  the  rapidity  with  which  convection  currents  can  carry  heat  from 
the  interior  to  the  surface.  The  comparatively  low  internal  heat  of 
white  stars,  delivered  quicttly  at  the  surface  by  rapidly  moving  gases, 
may  readily  maintain  higher  atmospheric  temperatures  than  the 
much  hotter  intenorsof  solar  f>tars,  whose  circulation  has  the  sluggieh- 
neaa  of  viecosity. 

Sir  William  and  Lady  Huggins  are  inclined  to  assign  greater  im- 
portance to  mass  and  density,  as  factors  in  evolution,  than  to  tem- 
peratures.' Their  view  is  that  under  the  influence  of  great  surface 
gravity,  the  generation  and  radiation  of  heat  is  accelerated,  and  the 
life  of  the  star  is  lived  more  rapidly.  They  have  been  led  to  this  view, 
in  part,  by  the  apparent  anomaly  of  double  stars,  iu  which  the  more 
maasi^'e  primary  is  generally  yellower  than  the  less  massive  com- 


'  A utr/tnomif  find  A iitro-Phit»ie»,  XI,  WfJ. 

»  Ibid.  XI,  715. 

'  Gierke's  Problems  in  Aatro-PhysKt.  p.  274. 
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panjon.  The  nubject  is  one  of  great  difficulty  and  importance,  anJ, 
unfortunately,  laboratory  methods  uib  on  too  small  a  scale  of  mass 
and  pressure  to  solve  the  problem. 


Vp  to  the  year  1800  only  twelve  variable  stsre  were  knoira.  Chand- 
ler's catalogue,'  dated  1888,  contains  225  entries.  Tlio  remarkable 
progress  made  by  astronomical  science  in  the  past  fifteen  years  ia 
fairly  indicated  by  the  fact  that  in  this  interval  the  number  of  known 
variable  etara  increiuied  from  225  to  more  than  1400.  To  Harvard 
College  Observatory  belongs  the  great  credit  of  discovering  nearly 
900  of  these  objects. 

In  many  respecta  variable  stars  constitute  the  moat  int«reeting 
class  of  objects  in  the  heavens.  The  tens  of  millions  of  ordinary  stars 
are  undoubtedly  growing  older;  and  the  lens  of  thousands  of  nebulie, 
from  which  stiUB  will  eventually  be  formed  by  processes  of  condens- 
ation, are  undergoing  transformation ;  but  appreciable  changes  in  the 
ordinary  s^tars  and  in  the  nebula:  proceed  with  extreme  deliberation, 
and  no  permanGnt  changes  have  yet  been  noted.  Variable  stars,  on 
tlic  contrarj',  are  changing  before  our  eyes;  and  they  repeat  their 
fluctuations  continually.  They  present  opportunities  for  discoveries 
of  the  greatest  interest  in  themselves,  and  of  remarkable  utility  in  the 
study  of  the  problem  of  stellar  evolution. 

It  is  a  conservative  statement  that  in  nineteen  variable  stftrs  oat 
of  twenty  we  have  little  idea  as  to  the  causes  of  variability.  The 
causes  of  the  variations  have  been  determined  in  the  case  of  Algol  * 
and  a  few  others  of  that  class:  large  dark  companions  revolve  around 
these  stars,  and  once  in  every  revolution  the  companions  pass  between 
us  and  the  principal  stars,  thus  preventing  a  portion  of  their  light 
from  reaching  ub.  In  Zeta  Geminomm  '  and  three  or  four  others  of  its 
class  the  spectroscope  has  shown  that  massive  dark  companions  are 
close  to,  and  rapidly  revoK-ing  around,  the  principal  stars.  These 
invisible  companions  produce  disturbances  in  the  extensive  atmo- 
spheres of  the  stars,  and  cause  the  observed  variations  in  brightness, 
but  the  nature  of  the  disturbances  Is  still  a  matter  of  conjecture. 
Omicron  Ceti  *  and  other  stars  of  its  class  have  given  no  evidence  of 
compftniDus.  Brightness  variations  in  them  seem  to  be  due  to  in- 
ternal causes.  Perhaps  they  hove  reached  the  age  when  solid  crusts 
attempt  to  form  on  their  surfaces,  just  as  one  day  a  crust  struggled 
to  form  on  the  liqtiid  earth.  A  crust  formed  one  month  mny  be 
melted  or  sink  to  a  lower  level  a  few  months  later.  Perhaps  there 
are  "sun-spots"  on  these  stars,  in  scale  vastly  more  extenave  and  in 
period  shorter  than  those  on  our  sun;  but  these  suggested  explana- 
tions may  be  far  from  the  truth. 


'  A*tTvnnmii-al  Jfntmal.  viii,  81. 

»  arrkf's  .^j/Al-^n  of  Ike  Start,  p.  128. 
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For  more  than  balf  a  century  a  great  many  afitronomera  have  de- 
vot«<l  themselvea  aseiduoiuly  to  making  photometric  obsen-ations  of 
variable  stars.  There  are  a  dozen  observatories,  both  large  and  small, 
which  are  systematically  devoting  Home  of  their  resources  to  this 
work.  By  common  coiment  of  the  profession,  or  by  appointment 
from  learned  soL-icties,  there  have  for  sotito  fifty  years  been  individual 
astronomers,  or  committees  of  tietronomera,  who  systematiue  results, 
call  attention  to  the  need  for  observations  of  certain  neglected  ob- 
jects, and  in  many  other  ways  encourage  the  photometric  study  of 
variable  stars.  Photometers  nre  inexpensive,  the  methods  are  simple, 
uid  results  have  rapidly  accumulated. 

Observations  of  variable  stars  with  slit-spectrographs,  on  the 
contrary,  are  aurprisingEy  meagre  and  fragmentary.  Not  a  single 
inaUtution,  not  a  (ungle  telescope,  not  a  single  observer,  is  working 
continuously  or  even  extensively  on  the  subject.  Yet  the  method  is 
a  vcrir'  powerful  one:  the  few  isoUled  studies  made  on  variable  stars 
have  led  to  results  of  remarkable  riclmess.  The  subjeet  Is  one  ni  great 
difltculty.  Photographic  spectra  require  much  time  for  accurate 
measurement  and  reduction.  And,  finally,  powerful  and  expensive 
instruments  are  demanded. 

Harvard  College  Observatory  haa  been  remarkably  eucccttaful  in 
discovering  variable  stars  by  meaos  of  poculiarities  in  their  spectra, 
as  well  as  in  vlasslfying  them,  and  in  qualitativo  studies  of  many 
speetml  details,  using  objective-prism  spectrographs;  but  it  Is  hoped 
that  slit-spec trographs,  attached  to  powerful  telescopes,  may  soon  be 
devoted  systematically  to  ttiis  subje»;t,  as  it  constitutes  one  ol  the 
richest  fields  now  awaiting  development. 


^Hpro; 
■PnoQ 


A  centuiy*  and  a  half  of  meridian-circle  observations  has  given  to 

the  worldf  as  one  of  many  priceless  contributions,  a  knowledge  of  the 

per  motions  of  several  thousand  stars.    Some  of  the  ablest  astro- 

imers  have  used  these  results  as  a  basis  for  detennining  the  most 
probable  elements  of  the  sun's  motion,'  and  in  studies  upon  the  dis- 
tribution of  the  stars  in  space.  Unfortunately,  these  investigations 
necessarily  involve  assumptions  as  to  the  unknown  distances  of  the 
stars. 

A  few  years  following  the  application  of  the  spectroscope  to  the 
study  of  celestial  objects,  Huggins  recogniied  that  the  Doppler-Fizeau 
principle  supplied,  in  theory  at  least,  the  long-hoped-for  method  of 
measuring  the  components  of  stellar  motions  in  the  lino  of  sight  — 
their  radial  velocities;  and  that  the  application  of  this  method  would 
enable  ua  to  determine  both  the  direction  and  the  speed  of  the  .solar 
motion,  entirely  independently  of  the  distances  of  the  stars.  Efforts 
to  apply  this  method  met  with  signal  failure  for  twenty  years,  and 
'  Clerite'a  Si/ttfm  of  th*  Start,  cliaptor  23. 
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doubts  even  a»  to  ultimate  success  were  quite  generally  felt  ftnd  freely 
exprcascd.  TLc  beginniuea  of  success  were  made  by  Huggins'  asd 
Pickering.'  tu  showing  that  photography  reveals,  with  great  clearness, 
the  delicate  spectral  lines  which  the  eye  in  purely  visual  observations 
is  unable  to  oee  at  all.  In  18SS,  Vogel  '  applied  this  knowledge  in  llie 
finit  phatographio  attempt  to  nieiisure  radial  velocitJeK,  and  his  work 
inaugurated  a  new  era.  HU  ol)8erviitinn8,  obtained  with  a  small  tele- 
scope and  imperfect  apectrogroph,  were  not  sufficiently  accurate  to 
meet  the  nu;ds  of  the  principal  sidereal  problems,  but  they  led  to 
several  brilltmit  discoveries  atPotsdam,  and  were  invaluable  in  mark- 
ing out  the  path  of  progress.  It  was  not  until  ISOS  that  the  use  of 
B  powerful  telescope,  equipped  with  an  efficient  spectrograph,  gave 
results  accurate  enough  to  satisfy  present  recjuirements.'  In  fact,  the 
accuracy  obtained  exceeded  nur  most  hopeful  expectations. 

It  is  not  surprising  that  thirty  years  were  required  to  develop 
succcst-ful  methods.  The  work  is  so  delicate  that,  unless  suitable  pre- 
cautions arc  taken  at  every  point  in  the  process,  the  errors  introduced 
may  readily  be  larger  than  the  quantities  soURht  for.  With  the  Mills 
spectrograph,  for  example,  a  speed  of  nine  kilometers  per  second  dis- 
places the  lines  only  0.01  mm.  The  probable  error  of  a  velocity  deter- 
mination for  the  best  stars,  such  as  Polaris,*  is  but  one  fourth  of  a 
kilometer  per  second,  corrcHponding  to  a  linear  displacement  of  0.0003 
mm.,  or  O.OOOOi  inch.  In  view  of  the  neniiess  of  the  etibject,  tbe 
richness  of  the  field,  and  the  fact  that  the  more  active  great  teleecopefl 
are  now  nearly  all  applied  to  this  work,  I  append  a  list  of  the  improve- 
ments which  have  contributed  niosi  powerfully  to  recent  progreaa: 

0)  A  realization  of  tbe  fact  that  a  spectrograph  m  an  instrument 
complete  iu  itself.  The  telescope  to  whicli  it  is  attiidicd  serves  only  to 
collect  the  light  and  to  deliver  it  properly  upon  the  slit. 

(2)  The  development  of  a  method  of  reduction  which  permits  the 
use  of  all  good  stellar  lines,  irrespective  of  whether  they  correspond  tn, 
or  lie  between,  the  coiupariwm  lines.* 

(3)  The  use  of  a  longer  collimator,  permitting  a  wider  slit,  and 
requiring  larger  prieiuis,  with  Kreater  resolving  p<»wcr.' 

(4)  The  use  of  simple  prisms,  of  bettor  glaaa,  with  better  optical 
surfaces.' 

(5)  Care  in  collimating,  to  insure  that  the  star  light  and  comparison 
light  traverse  identically  the  same  part  of  the  collimator  lens.* 


'  Alia*  9/  IUpre*«ntative  Sfectra,  plate  a, 

'  AnnaU,  Harvard  CoUe^  ObMrvatoiy,  vuious  vvlumo*. 

•  P\ihl\etaum*,  Potadum  Artrophyaea]  Observatory,  vol.  vir. 

'  /Wd-  XIV,  60. 

•  ibid.  vra.  Ufl. 
'  ibid,  vm,  ]25 

'  PuUit-dti'iru,  I.ick  Ob»^^^vlltoly,  in,  177, 
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(6)  The  cidoptioD  of  a  compact  and  rigid  form  of  epectrogrsph 
mounting  dcei^ied  in  accordance  witb  good  en^ioeerinf;  practice. 

(7)  The  etimiuation  of  flexure  effeuts  by  supporting  the  spectro- 
graph, in  connection  with  the  teleacope,  in  accordance  with  engineer- 
ing  principles.  The  conventiouul  spectrograph  had  been  supported 
entirely  at  its  extreme  upper  end:  tlie  instrument  projected  out  into 
apace,  unsupported,  boldly  inviting  flexure  under  the  var>'ing  com- 
ponent of  gravity. 

(8)  The  use  of  a  constant  temperature  c&«e  around  the  instru- 
ment.' 

(9)  Precautions  taken  to  eliminate  many  sources  of  error  from  tbe 
measures  of  tbe  spectrograms.' 

Up  to  December,  1900, — the  last  month  of  the  departing  century, 

—  the  speeds  of  3*25  stars  had  been  determined  with  the  Mills  spectro- 
graph in  the  northern  two  thirdB  of  the  sky.  Omitting  several  stais 
who«e  lines  couhl  not  be  measured  accurately,  and  some  thirty  spec- 
trographic  and  visual  binaries  for  whose  centres  of  mass  the  velocities 
■were  still  unknown,  280  stars  remuineil  available  for  deducing  the 
relative  motion  of  our  solar  system.'  Tiie  observational  data  were 
distributed  B>Tnmelrically  in  right  ascension,  and  the  result  for  this 
coordinate  of  the  apex  agreed  with  Newcomb's  proper-motior  result 
within  a  small  fraction  of  a  minute  of  arc.  The  data  were  extremely 
imsymmctrical  in  declination,  as  there  were  few  observations  between 

—  IB**  and  —  30"  declination,  and  none  whatever  south  of  —  30". 
The  solution  placed  the  apex  15°  south  of  Newcomb's  position.  The 
deduced  speed,  20  km.  per  second,  ia  no  doubt  cloee  to  its  true  value. 

There  is  a  question  whether  the  direction  of  the  solar  motion 
can  be  determined  more  accurately  from  proper  motions  or  from 
radial  velocities,  an  equal  number  of  stars  being  available  in  the  two 
cases;  but  as  to  tiie  speed,  no  doubt  of  the  very  marked  superiority  of 
the  epectrogrsphic  method  tan  exist.  This,  however,  la  but  incidental, 
for  the  two  methods  are  in  fact  mutually  helpful  and  mutually  de- 
pendent: the  motion  of  every  star  involves  both  components. 

In  this  connection  two  points  call  for  appreciation:  First,  the 
motion  of  the  solar  system  is  a  purely  relative  quantity.  It  refers  to 
the  group  of  stars  used  in  the  solution.  We  could  easily  select  twenty 
or  thirty  of  these  stars  whose  velocities  were  such  that  the  deduced 
motion  would  be  reversed  180*"  from  that  given  by  the  entire  list  of 
stars.  We  want  to  know  the  solar  motion  with  reference  to  the  entire 
sidereal  ej'stem.  A  satisfactory  solution  of  the  problem  demands  that 
we  use  enough  stars  to  be  considered  as  representative  of  the  whole 
system.    Second,  the  great  siderenl  problems  require  that  observa- 


•  Bultoin  >l<«r<MU5fniffi«,  XV,  40;   Atlrophy»u)otJ'>uny^,xt,259,Aad'XT,l73. 

*  Attr«phi/sieal  Journal,  TI,  424,  and  muiy  othcn. 
Ibid.  xm.  hO. 
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tioDa]  datA  for  their  solution  should  oover  the  whole  sky,  UntU  one 
year  ago  radial  velocity  measures  were  confined  to  the  norlhera  two 
thirds  of  the  celestial  sphere.  Further  attempts  to  deduce  the  solar 
motion  from  northern  obeervation  alone  would  not  be  jualiiied. 
ObecrvatioDB  in  the  southern  tMrd  of  the  sky  were  needed,  not  only 
to  rcprcBont  that  large  re^on  in  the  solution,  but  in  order  that  the 
imknown  syBtcmntic  errors  which  nffcct  the  northern  obGcrvattons, 
as  well  as  the  southern,  might  be  eliminated,  through  the  s>'mmetiical 
balancing  of  the  material.  Fortunately  the  energetic  and  wise  policy 
of  the  Cape  Observatory  and  the  generosity  of  Mr.  P.  O.  Mills  have 
provided  two  complete  equipments,  which  are  now  busily  engaged 
in  supplying  the  southern  data  required.  The  Mills  spectrograph  in 
the  northern  hemisphere  has  secured  about  three  thousand  spectio* 
grams  of  approximately  five  hundred  stars,  and  the  Mills  spectro- 
graph in  the  southern  hemisphere  lias  secured  four  hundred  spectro- 
grams of  one  hundred  and  twenty-five  stars.  The  number  of  stars 
not  on  the  Mills  list,  and  accuraletif  observed  with  other  high-dispersion 
spectrographs,  is  not  known,  but  it  is  probably  between  one  hundred 
and  two  hundred.  We  may  reaamably  expect  that,  in  two  or  three 
yeai's,  as  many  as  ei(;ht  hundred  well-determined  radial  velocities 
may  be  brought  to  bear  upon  pressing  sidereal  problems. 

It  is  a  frequent  question:  la  tlie  solar  system  moving  in  a  simple 
orbit,  and  will  it  eventually  return  to  the  part  of  it^  orbit  where  it  is 
now?  The  idea  of  an  affirmative  answer  to  this  question  is  very  pre- 
valent in  the  human  mind.  It  is  natural  to  think  Ib&t  we  mu.'«t  be 
moving  on  a  great  curve,  perhaps  closed  like  an  ellipse,  or  open  like  a 
parabola,  the  centre  of  mass  of  the  universe  being  at  the  curve's  prin- 
cipal focus.  The  attraction  which  any  individual  star  is  exerting 
upon  U3  ig  certainly  very  slight,  owing  to  its  enormous  distance;  and 
the  combined  attractions  of  all  the  stars  may  not  be  very  much 
greater;  for  since  we  are  somewhere  near  the  centre  of  our  stellar 
system,  the  attrnctions  of  the  stars  in  the  various  directions  should 
nearly  neutralize  one  another.  Even  though  we  may  be  following  a 
definite  ciin'e  at  the  present  time,  there  is,  in  my  opmion,  little  doubt 
that  we  should  be  prevented  from  continuing  upon  it  indefinitely.  In 
the  course  of  our  travels  we  should  be  carried,  sooner  or  later,  quite 
close  to  some  individual  star  whose  attraction  would  be  vastJy  more 
powerful  than  that  of  all  the  other  stars  combined.  This  wotild  draw 
us  from  our  present  curve  and  cause  ua  to  follow  a  different  one.  At 
a  later  date,  our  travels  would  carry  ua  Into  the  sphere  of  attraction 
of  some  other  great  sun  which  would  send  us  away  in  a  still  different 
direction.  Thus  our  path  should  in  time  be  made  up  of  a  succeaeioD  of 
unrelated  curves. 

Spectroscopic  binary  syetcms,  as  by-products  of  radial  velocity 
measiiremente,  are  of  exceedingly  great  interest  from  the  light  which 
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Ihey  cast  upon  the  eonstructioo  of  other  s}'stein3  than  ours.   When 

we  look  at  the  sky  on  a  clear  night,  we  may  be  sure  th&t  at  least  one 

^■Urin  six  or  seven  is  att-ended  by  an  invisible  companion,  comparablo 

in  mass  trilh  the  primary  body,  the  two  revolving  around  their 

^-eommon  centre  in  periods  varying  from  two  or  three  days  in  many 

'eases,  up  to  three  or  more  years  in  others.   For  tJic  triple  e>'8tcin  of 

Polaris  '  the  long  period  pcrhnpa  exceeds  fifteen  or  twenty  years.    As 

the  short«et-period  visual  binary  now  known,  that  of  S  Equulei,  is 

only  5.8  years,'  the  gap  between  ™ual  and  epectroscopic  binaries  has 

been  definitely  closed. 

The  companions  of  binaries  discovered  by  means  of  the  spectro- 
graph  have  not  been  observed  vieually  in  our  powerful  telescopes, 
although  they  have  been  carefully  searched  for.  They  may  be  so  close 
to  the  prineipal  star  that,  viewed  from  our  distance,  the  two  images 
cannot  be  resolved.  Theeepaiattoaof  the  components  is  probably  lesa 
thain  one  himdredth  of  a  second  of  arc  for  most  of  the  binaries  thus 
far  announced.  Again,  for  very  few  of  the  systems  are  the  Bpectra 
of  both  components  recorded.  This  does  not  establish  that  the  com- 
panion is  a  dark  body,  but  only  that  it  is  at  least  one  or  two  photo- 
graphic magnitudes  fainter  than  the  primary.  The  fourth-magnitude 
companion  of  a  necond-magnitude  star  would  scarcely  be  able  to  im- 
press its  Hues  upon  the  primary's  spectrum.  The  invisible  components 
in  many  epectroscopic  binaries  might  be  conspicuous  stare,  if  they 
stood  alone. 

Only  those  eystcms  have  been  detected  whose  periods  are  relatiN-ely 
ehort,  and  for  which  the  variations  of  radial  speed  arc  considerable. 
The  smallest  observed  variation  is  that  of  Polaris  —  six  kilometers  per 
second.  Had  the  variation  for  Polaris  been  only  one  kilometer,  it 
would  no  doubt  have  escaped  detection.  Such  a  variation  cnuld  be 
measured  by  present  inslmments  and  methods;  but  this  range  would 
not  have  excited  the  observer's  suspicion,  and  tlio  (hHcnver>'  would 
liave  remained  for  the  future,  it  is  probable  that  there  arc  more 
systems  with  variations  of  speed  under  six  kilometers  than  there  are 
with  larger  ones;  and  all  such  are  awiuting  discovery.  The  velocity 
of  our  sun  through  space  varies  slightly,  because  it  is  attended  by 
companions  ■ —  very  minute  ones  compared  with  the  invisible  l>odics 
discovered  in  spectroscopic  binaries.  It  is  revolving  around  the  centre 
of  mass  of  itself  and  its  planets  and  their  moons.  Its  orbit  around 
this  centre  is  small,  and  the  orbital  speed  very  slight.  The  total 
range  of  speed  is  but  tliree  one-hundrodths  of  a  kilometer  per  second. 
An  obeer\"er  favorably  situated  in  another  system,  provided  with 
instruments  enabling  him  to  measure  speeds  with  absolute  accuracy, 
could  detect  this  variation,  and  in  time  say  that  our  sun  is  attended 

'  Atlrophj/iritn!  Jmirfut].  3nv,  60. 
*  i-icA  Obtfrvatory  BulUtin.  no.  &4. 
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by  plonets.  At  present,  terreatrisJ  observers  have  not  the  power  to 
measure  such  mbut*  variatious.  As  the  accuracy  attiunable  im- 
proves with  expcrieucc,  the  pruportioual  number  of  gpectroscopic 
binaries  discovered  will  undoubtedly  be  enormously  increased.  In 
fact,  the  star  which  seems  not  to  be  attended  by  dark  companions 
may  k)e  the  rare  exception.  There  is  the  further  poasibihly  that  the 
stars  attended  by  massive  companions,  rather  than  by  Eonall  planets, 
are  in  a  decided  majority;  t-uggesting,  at  teast.  that  our  eolar  system 
may  prove  to  Itc  an  extreme  ty]>e  of  »yst«m,  ratlier  than  a  common  or 
average  type. 

Observations  of  816)1111  motions  in  the  hne  of  sight  enable  us  to 
solve  many  other  important  auxiliary'  problems.  Only  one  will  be  re- 
ferred to  here.  The  determination  of  stellar  distances  is  exceetlingly 
importimt,  and  correspondingly  difficult.  We  know  the  fairly  accu- 
rate dL-itances  of  a  dozen  stars,  and  the  roughly  approximate  dSa- 
lances  of  two  or  three  dozen  othere.  Radial  velocity  obser^'ations.  in 
combination  with  proper  motiona,  will  enable  uh  to  determine  the 
average  distances  of  entJre  clashes  of  stars.  Let  ua  conuder  the  stars 
of  the  fifth  magnitude,  of  which  there  are  a  thousand  or  more.  They 
travel  in  practically  all  directions.  A  definite  relation  will  exist  be- 
tween their  average  proper  motion  and  their  average  radial  motion, 
within  B  small  limit  of  error.  If  meridian  observations  asrertain  that 
the  average  annual  proper  motion  of  these  fifth-magnitude  stars  is 
0.03  seconds  of  arc ,  and  spectrographic  obgervatlons  determine  that 
their  average  speed  in  the  line  of  sight  is  thirty-five  kilometers  per 
aecond,  it  is  a  simple  matter  to  compute  what  their  average  distance 
must  be  in  order  to  harmonize  the  two  comptinenla. 

A  study  of  2.si>  nbser^'ed  stars  as  to  the  relation  existing  between 
visual  magnitude  and  velofily  in  space  led  to  interesting  resiUta.'  The 
average  speed  of  47  stars  brighter  than  the  third  magnitude  is  26  km.; 
of  1 12  stais  between  the-  third  and  fourth  magnitude,  32  km. ;  and  of 
121  stars  fainter  than  the  fourth  magnitude.  39  km.  The  progression 
in  these  results  is  very  pronounced,  and  I  think  we  are  Justified  in 
drawing  the  important  t!onc]u«ion  thai,  on  the  average,  the  faint 
Stan  of  the  system  are  moving  more  rapidly  than  the  bright  stars. 
This  interesting  indication  should  he  confirmed  or  dispnived  by  the 
tue  of  a  murh  greater  number  nf  stars. 

The  proi}cr  method  of  combitiing  radial  vctocilies  for  statistical 
purposes  is  a  question  of  great  importance.  The  method  of  least- 
squarei*  is  based  upon  the  assumption  that  the  accidental  errors  of 
observation  follow  a  certain  law,  found  by  experience  to  be  substan- 
tially true.  This  method  is  not  applicable  to  the  combination  of  radial 
velocities,  imless  radial  velocities  are  distribuled  in  accordance  with 
the  law  of  accidental  errors.  Do  stellar  velocities  whoec  values 
'  Aitrophyricai  Jovmal,  ua,  SO. 
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Aie  near  zero  exist  ia  greatest  numbers?  Or  does  some  moderate  speed 
predominate?  The  avcrsRC  speed  in  apace-  of  the  2S0  stare  obson*ed 
spectrographicnlly  iB  34  km.  When  a  much  grcnter  number  of  radial 
velocities  is  available,  the  law  of  distribution  must  be  invcstignt«d, 
and  a  safe  method  of  combination  be  developed. 

Other  practical  questjoos  exist  a«  to  the  proper  weights  to  assign 
to  results  of  different  de^treea  of  accuracy,  when  it  ia  desired  to  com- 
bine them  atatistic&lly.  The  speeds  of  the  bnghter  second-  and  third- 
type  stars  can  be  determined  well  within  a  kilometer  per  second, 
whereas  the  speeds  of  Qrst-type  stars,  containing  only  broad  and  hasy 
lines,  may  be  in  error  from  five  to  fifteen  kilometers.  Again,  low 
dispersion  spectrography  is  developing  so  rapidly  that  in  a  few  years 
the  speeds  of  hundreds  of  the  fainter  stars  will  be  known  within  two 
kilometers.  Shall  the  weights  assigned  to  individual  results  be  pro- 
portional to  the  inverse  squares  of  their  probable  errors?  1  think  not. 
The  deduced  solar  motion,  for  example,  should  refer  to  an  observed 
programme  of  stars  which  shall  be  representative  of  the  entire  sidereal 
system.  It  must  refer  to  a  star  with  hazy  lines,  or  to  a  faint  star,  as 
truly  as  to  a  bright  solar-type  star.  One  poorly  determined  result  for 
velocity ,  used  alone,  should  have  small  weight,  but  a  large  number  of 
such  determinations  should  be  given  considerable  weight;  proper  core 
being  taken  to  avoid  sj'Stematic  error.  Prudence  would  suggest  that 
separate  Kolutinnx  Iw  maile,  firvt  for  the  Htars  whoiv  !t[K!ctra  admit  of 
accurate  measurement,  and  later  for  thnne  whose  spectra  contain 
hazy  lines,  or  which  have  been  observed  with  low  diHpendon.  From 
these  u  ^ide  as  to  the  relative  weights  to  t)c  anHigned  to  the  three 
or  more  classes  of  stars  in  combination  may  be  found. 

Radial  velocity  observers  are  concerned  as  to  the  part  played  in 
the  results  by  pressure  in  the  reversing  layers  of  the  stars.  The  dif- 
ferential effects  of  pressure  arc  too  small  to  detect  in  stellar  spectra 
by  present  means,  and  there  is  no  known  method  of  eliminating 
them.  We  have  no  recourse  but  to  assume  that  the  stellar  lines, 
neglecting  the  cffccit  of  radial  motion,  are  in  identically  the  same 
position  &s  the  solar  lines  and  the  laboratory  lines  of  the  elements. 
Whether  the  lines  in  the  blue  stars  are  produced  under  lower  pressure 
than  those  in  the  sun,  and  the  tines  in  the  red  stars  under  greater 
prMBure  than  those  in  the  sun,  remains  unknown,  but  this  is  not 
impos^ble.  The  effect  of  systematic  errors  in  observed  speeds  from 
this  source,  as  well  as  from  other  sources,  would  be  eliminated  from 
many  statistical  inquiries  by  having  all  parts  of  the  sky  represented 
io  the  solution. 

EnoiB  in  the  tables  of  absolute  wave-lengths  do  not  enter  into 
radial-velocity  results,  provided  the  relative  values  are  correct.  In 
fact,  we  scarcely  need  to  know  the  wave-lengths  at  alt,  for  the  deter- 
minations of  velocity  may  be  put  upon  a  strictly  differential  basis,  and 
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I  incline  strongly  to  the  belief  that  tliis  nhould  be  done.  Let  us  con- 
eider  the  case  very  briefly.  Rowland's  wave-lengths  are  based  upon 
siwctrognuns  taken  with  high  diepcrsion  and  resoK-ing  power. 
Radi 111- velocity  apectrograms  are  secured  with  instruments  of  much 
lower  power.  Clnse  solar  and  laboratory-  lines,  of  different  intensities, 
clearly  separated  cm  Itowland'H  plates,  are  blended  on  stellar  plates. 
For  this  and  other  reasons,  the  eiFective  wave-len^hs  on  the  two 
clawes  of  plates  arc  different.  The  difficulty  of  asngmng  eiHreet 
wave-lengths  in  the  case  of  pintcs  taken  with  a  single-prism  ^}eetro- 
graph  is  even  greater:  whole  groups  of  separate  lines  are  blended  into 
one  apparent  line,  and  lines  actually  single  ore  very  few  indeed.  It 
is  necesaar)'  to  use  blends,  both  in  the  stellar  and  comparison  epectra. 
Two  methods  at  least  are  available  to  eliminate  errors  in  vdocity 
due  to  errors  in  assumed  wB^'e-lengths.  First:  At  the  conclusion  of 
a  long  series  of  observations  of  stare  of  the  same  spectral  t^s-pe,  the 
velocity  yielded  by  each  line  for  each  star  should  be  tabulated.  If 
one  line  gives  velocities  consisteotly  large  or  consistently  small,  the 
conclusion  is  that  hs  efTective  wave-length  has  been  wrongly  as- 
sumed, and  we  should  be  juetilted  in  changing  it  arbitrarily.  And  so 
on.  for  each  line  employed.  This  involves  the  assumption  that  the 
comparison  bright-lines  and  the  corresponding  etcllar  lines  have  the 
same  wave-lengths;  and  all  the  wave-lengths  are  reduced  to  one 
ByMtem,  true  for  the  particular  spectrograph  employed.  The  method 
is  not  entirely  free  from  objection.  Second:  If  the  solar  spectrum 
and  the  comparison  spectra  are  photographed  on  one  and  the  same 
plate,  under  precisely  the  usual  observing  conditions,  mcasuree  of 
this  plate,  corrected  for  the  obeer\'eT's  verj*  slight  radial  velocity 
with  reference  to  the  sun,  will  form  a  reduction  curve  of  zero  velocity, 
expreK^ed  in  terms  of  micrometer  readings.  If  a  speotrogrnm  of  star 
and  comparison,  made  with  the  same  inKtruineat  and  measured  in  the 
same  manner,  is  compared  with  this  reduction  curve,  measure  for 
nicuaurc,  the  speed  of  the  star  will  be  obtained  directly,  and  irre- 
spective of  wave-length  values;  and  many  other  fruitful  sources 
of  systematic  error  will  be  eliminated  at  the  same  time-  Mr.  R.  H. 
Curtiss,  of  Mount  Hamilton,  formulated  a  method  *  on  this  basis  last 
year,  and  he  has  applied  It  to  a  s])ertro!icopic-binnr}*  variable  Etar. 
The  oliiscri'atioiifi  were  made  with  a  spectrograph  whose  dispersion 
is  but  one  fifth,  iind  whose  exposure-time  for  a  s'ven  star  is  but  one 
tenth  that  of  the  Mills  spectrograph.  The  probable  error  for  a  faint 
star  seems  to  bo  not  more  than  twice  as  great  as  that  for  a  bright 
star  with  the  Mills  .ipectrograph.  The  method  promises  to  be  of 
great  utility,  capable  of  application  to  several  thousand  stars  be- 
tween the  fifth  and  eighth  magnitudes. 

On  account  of  the  largo  [iroportion  of  spectroscopic  binaries,  stars 
'  Licfc  Obfrralory  BvU^n,  no.  02. 
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should  not  be  used  etatisticfJly  until  obeervations  covering  eevera] 
yeUB  have  eatablislied  the  conetancy  of  their  niotions.  Tu  determine 
the  orbits  and  the  speeds  of  the  centres  of  mass  of  the  binary  systems, 
^m  twenty-Gve  or  more  Bpectrogr&ms  each,  is  a  task  Beveral  fold 
more  extensive  than  thnt  of  meaeuring  the  constant  speeds  of  tbe 
non-binaoy  stars. 

There  remains  the  question  of  co6peration,  on  the  part  of  radial- 
velocity  obeervera,  to  avoid  useleaa  duplication,  and  to  increase  the 
rjutput  of  results.  Seven  leading  observntories  in  the  northern  liemi- 
gphere.  and  one  in  the  southern,  are  in  this  field,  presumably  with 
the  intention  of  remaining  indefinitely.  A  second  obaer\'atory  in  the 
Bouthem  hemisphere,  devoted  exclusively  to  this  work,  is  of  an  ex- 
peditionary character,  and  Its  long  continuance  ie  problematical.  It 
is  fair  to  the  participating  ob8er\'atories  to  aay,  judging  by  results 
thus  far  published,  that  some  are  still  in  the  period  of  exi^eriment 
uid  development;  and,  in  fact,  that  all  observers  are  introducing 
frequent  improvements,  which  lead  to  greater  accuracy.  As  long  as 
the  development  of  instruments  and  methods  is  in  rapid  progress, 
formal  cooperation  is  tmwise.  Premature  cooperation  leads  to  con- 
f\ision.  Duplication  of  obFtervattons  for  the  principal  stars  is  as 
valuable  and  desirable  in  radial- velocity  measurements  as  in  meridian 
determinations  of  stellar  positions.  But  just  as  soon  as  the  methods 
assume  a  reasonably  stable  form,  tbe  entire  sky  should  be  apportioned 
amongst  the  interested  nbserva lories,  in  accordance  with  carefully 
considered  plane  which  shall  permit  and  encour&ge  individual  initia- 
tive. I  have  little  doubt  that  this  point  will  be  reached  by  a  sutiicicnt 
number  of  observatories  within  two  years,  and  that  it  would  be 
well  to  conclude  the  preliminary  organization  of  cooperative  plans 
within  the  coming  year.  Such  plans  should  be  formed  with  severe 
deliberation,  as  the  labor  involved  would  be  commensunite  with 
that  devoted  to  the  construction  of  the  Astronomische  Gesellschaft 
zones  for  the  entire  sky. 

The  problems  immediately  confronting  the  astrophysicists  of  the 
twentieth  centurj-  are  serious  ones.  They  call  for  our  best  efforts. 
The  volume  of  work  demanded  is  stupendous,  and  the  difficulties  to 
be  overcome  are  correspondingly  great.  Nevertheless,  the  men  and 
tbe  means  will  be  forthcoming.  The  mass  of  solid  fact  brought 
within  the  realm  of  knowledge  by  aatronomers  now  living,  many  of 
whom  are  huppily  with  us  this  week,  is  eulSclent  indication  that  the 
general  solution  of  the  problems  of  to-day  is  but  a  question  of  tijne. 
And  we  should  be  equally  hopeful  as  to  the  problems  of  the  future, 
for  the  desire  to  know  the  truth  about  tlie  universe  which  surrounds 
us  is  an  enduring  element  in  human  nature. 
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UntTcnit}',  1887;  University  of  Wieconein,  11)04 1  t^.D.  UnLvoisity  of  ILIlnoia, 
!«».  Profewor  of  Otology,  Btjloit  College,  1  (i73~8'2 ;  ytatt  Geologist.  WiawaBin, 
1876-S2;  V.  8,  G«olo»«t,  from  1882;  Pr*«ident  of  UnivpntLtv  of  WiBcoiinin, 
1887-92;  Gcoloeist  of  Pe«iy  EJipedilion,  1*94.  Member  of  NMioruJ  Acuid<THy 
of  Sdenoe;  WastiingtoTi  Academy  of  Scitaice;  ChicJigo  Awiileniy  of  Swcih-m; 
Wiaconnn  Acndemy  of  Science,  Arts  ttnd  Lettc^rB;  Ntavi  York  Ar^emy  of  Sci- 
■inns  Ami^ricuii  Acsiiemy  of  ArUuid  Scii-nces;  Aiuericiiu  PhiloMiiiliiii  8oci(<ty: 
Oeoi»igii-3l  Society  of  Atnprica:  GHOIngirjil  Stjciety  of  WMliinglon :  GeoloKJcal 
Society  of  Edinburgh  ;G«)logicfil  Society  of  London .  Author  of  Of*/ojnfo/TFia- 
eoTi*in;  test-book  on  geology.  Editor  of  Journal  o}  Otology;  tiitmcrous  H|»ccitt! 
liujM-rft.] 

It  is  my  assigned  task  to  review  the  methods  of  the  earth-sciencea. 
The  technical  processes  of  the  constituent  sciences  are  peculiar  to 
each  and  are  innpproprinte  siibjeots  for  discussion  before  this  com- 
posite aFsemhluge;  but  the  fuodamental  methods  of  intellectual 
procedure  are  essentially  common  to  all  the  earth-scienres,  and  to 
these  the  address  will  confine  iteelf. 

That  which  pafsea  under  the  name  earth-science  ie  not  all  science 
in  the  strict  sense  of  the  t«rm.  Not  a  little  consists  of  f;cunratizations 
from  incomplete  data,  of  inferences  hung  on  chains  of  uncertain  logic, 
of  interprctBtionB  not  beyond  question,  of  hypolhcsc*  not  fully  veri- 
fied, and  of  speculation  none  too  suhgtantinl.  A  part  of  the  moss  is 
true  science,  a  part  is  philosophy,  as  I  would  use  the  term,  a  part  is 
speculation,  and  a  part  is  yet  unorganized  material.  However,  I  like 
to  think  of  the  aggregate,  not  as  an  amorphous  mixture  of  science, 
philosophy,  and  speculation,  but  as  a  rather  definite  aggregation  of 
these,  not  wholly  unlike  the  earth  itself.  The  great  masw  of  our  eub- 
ject  material  may  be  regarded  as  a  lithosphere  of  solid  facta.  Around 
this  gathers  an  atmosphere  of  philoeophy,  rather  deni<e  near  the  con- 
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tact  zone,  but  thmninx  avay  into  tenuous  speculation  in  the  outer 
regions.    For  myself,  I  like  to  think  of  the  nucleus  ss  solid  and  firm 
throughout,  not  a&  a  thin  fractured  crust  flonting  on  a  ficr^'  liquid. 
of  Plutoman  suggestiveness.    I  like  to  think  of  the  philosophic  and 
speculative  atmosphere  as  no  mere  gaa-zone  of  sbaDoK  depth,  as  oP" 
old,  but  as  an  envelope  of  intense  kinetic  life  wherein  the  logical 
molecules  toui:h  one  another  with  marvelous  frequency,  and  vherein^ 
there  ie  frictional  contact  with  the  solid  but  geemingly  inert  litho 
sphere.    In  the  outer  tenuous  zone,  indeed,  the  mulecular  flights 
freer  and  the  excursions  are  without  assignable  limits.   I  believe 
appropriate  atmosphere  of  philoBophy  is  as  ucccssary  to  the  whole 
Bome  intellectual  life  of  our  Bciencea  as  is  the  earth's  physical  atmi 
sphere  to  the  life  of  the  planet.    None  the  less,  it  must  ever  be  ou: 
endeavor  to  reduce  speculation  to  philosophy,  and  philosophy  t 
science.     For  the  i>erpetuatif>n  of  the  necessarj*  philosophic  atmo- 
sphere, we  may  safely  trust  to  the  evolution  of  new  problems  concar 
rently  with  the  eolution  of  the  old. 

But  grimting  the  importance  of  the  philoHophic  element,  we  doubt 
lese  agree  without  heeitation  that  the  solid  products  of  accurate  and 
complete  obser\'8tion,  natural  or  experimental,  are  the  bed-rock  oi 
our  group  of  sciences-  The  first  great  object  sought  by  laudable 
methods  is,  therefore,  the  promotion  of  the  most  neeurnte,  searching, 
exhaustive,  and  unbiased  observation  that  is  possible.  One  of  the 
cftfliest  efforts  In  behalf  of  our  sciences,  therefore,  was  naturally 
directed  to  the  tusk  of  promoting  the  Itest  observational  work.  It  was 
soon  discovered  that  two  chief  dangers  threatened  the  worker,  —  bias 
and  incoiDpleteness.  To  guard  against  the  first  there  wae  evoU*ed 

The  Mahod  oj  Colorless  ObBtrvaixon 

Under  its  guidance,  the  obecrver  endeavors  to  keep  hia  mind  scru- 
pulously free  from  prepossessions  and  favored  views.  However 
tensely  he  may  strain  his  observing  powers  to  see  what  is  to  be  seen, 
he  mdoi  solely  a  record  of  facta  uncolored  by  preferencea  or  preju- 
dieee.  To  this  end,  he  restrainn  himself  from  theoretical  indulgence, 
and  modestly  contents  himself  with  being  a  recorder  of  nature.  He 
does  not  presume  to  be  its  interpreter  and  prophet.  At  Icnuth.  in 
the  office,  be  gathers  his  observations  Into  an  assemblage,  with  such 
inferences  and  interpretations  as  flow  from  them  spontaneously,  but 
even  then  he  guards  himself  against  the  prejudices  of  thfKiretical 
indulgence. 

Laudable  as  this  method  \&  tn  its  avoidance  of  partiality,  it  is  none 
the  less  Bcriouely  defective.  No  one  who  goes  into  the  field  with  a 
mind  merely  receptive,or  merely  alert  to  see  what  presents  itself,  how- 
ever nerved  to  a  high  effort,  will  return  laden  wdth  all  that  might  be 
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wen-  Only  a.  part  of  the  elements  and  tispenta  nf  complex  phenomena 
present  thcmwlveB  at  once  to  even  the  best  nbservational  minds. 
Some  parts  of  the  complex  are  necessarily  obscure.  8omc  of  the  most 
significant  elements  are  linble  to  be  unimpressive.  These  unobtrusive 
but  yet  vital  elements  will  certainly  escape  observation  unless  the 
mind  is  forced  to  seek  them  out,  and  to  seek  them  out  dUigcntly, 
acutely,  and  intensely.  To  make  a  reaBonably  complele  set  of  obsei^ 
vatjoos,  the  mind  must  not  only  see  what  BpnntimeoUBly  arrests  its 
attention,  but  it  must  immediately  draw  out  fnmi  what  it  observes 
inferences,  interpretationJi,  and  hypotheses  to  promote  further  obecr- 
vations.  It  must  at  once  lie  seen  that  if  a  given  inference  be  correct, 
certain  collateral  phenomena  mustaccompanj'It.  If  another  inference 
be  correct,  certain  other  phenomena  must  accompany  it.  If  still  a 
third  interpretation  be  the  true  one.  yet  other  phenomena  must  be 
present  to  give  proof  of  it.  Once  these  suggestions  have  arisen,  the 
ob(ser\'er  seeks  out  the  phenomena  that  discriminate  between  them, 
and,  under  such  stimulus,  phenomena  that  would  otherwise  have 
whoUyescaped  attention  at  once  come  into  view  because  the  eye  has 
□ow  been  focused  for  them.  It  may  be  affirmed  with  great  confi- 
dence that  without  the  active  and  instantaneous  use  of  these  con- 
current processes  the  observer  will  rarely,  if  ever,  record  the  whole 
of  any  one  set  of  significant  elements,  much  less  the  whole  of  all  sets. 
His  record  will  contain  incomplete  parts  of  different  sets  of  significant 
elements,  bvi  no  comjdete  6fi  oj  any  one.  The  obscure  factors  of  each 
set  are  <iuite8ure  to  be  overlooked  and  the  obtrusive  factors  of 
several  sets  indiecriminately  commingled.  The  method  of  colorless 
(rtwervfttion  is  thuH  seriously  defet^tive  in  the  completeness  of  its  pro- 
ducts, while  it  Huccessfully  guards  them  from  bias. 

Standing  over  against  it,  in  strong  contrast,  is  the  method  which 
at  once  endeavors  to  seek  out  and  put  together  the  phenomena  that 
are  thought  to  be  significant.  This  leads  promptly  to  the  construction 
of  a  theory  or  an  explanation  which  soon  comes  to  guide  the  work  and 
gives  rise  to 

The  Afethad  o]  Ike  Riding  Theory 

The  chief  effort  here  centres  on  an  elucidation  of  phenomena,  not 
on  an  cxhauFtive  tietermination  of  the  facts.  Properly  enough  the 
crown  nf  the  work  in  the  end,  explanation  is  brought  to  the  forefront 
and  eagerly  made  the  immediate  object  of  endeavor.  As  eoon  as  a 
phenomenon  is  presented,  fttbeory  of  elucidation  is  framed.  Laudable 
enough  in  itself,  the  theorj'  is  linble  to  be  framed  before  the  phenom- 
ena are  fully  and  accurately  observed.  The  elucidation  is  likely  to 
embrace  only  the  more  obtrusive  phenomena,  not  the  full  complement 
of  the  obtnisive  and  the  unimpressive.  The  field  is  quite  likely  to 
pT«fi«Qt  many  repetitions  of  the  leading  phenomena  and  a  theoi; 
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framed  to  fit  those  that  first  arrest  attention  naturally  6t3  the  oft- 
reciurent  phenomena  of  the  same  class.  ^Iiile  there  may  be  realty 
no  new  evidence,  nor  any  real  test,  nor  any  further  inquiry  into  tbe 
grounds  of  tbe  thoory,  Its  repeated  application  with  seeming  miccees 
leads  insidiously  to  the  delusion  that  it  lias  been  strengthened  by  addi- 
tional iuveatigation.  Unt-oasciously  tlien  It  be^a  to  diiecl  observa- 
tion to  the  facts  it  so  happily  elucidates.  Unconsciously  the  facts  to 
which  it  gives  iio  incuiiing  become  less  impreasivc  and  fall  into  ne^ect. 
Selective  observation  creeps  insidiously  in  and  bccomca  a  persistent 
habit.  Soon  also  affection  is  awakened  with  its  blinding  infiuence- 
The  authorship  of  an  original  explanulinn  (hat  HeemssuccesHfuI  cfUtily 
begelM  fondtieju)  for  the  inlellectual  child.  This  affection  adds  ila 
alluring  iiiilueiKx  to  the  previous  tendency  toward  an  uncooscious 
election.  The  mind  linKCrs  with  plen^uro  upon  the  fart«  that  fall 
happily  into  the  embrace  uf  the  theory,  and  feds  a  natural  indiffer- 
ence toward  those  that  aaeiime  a  refractory  or  meaningless  attitude. 
Instinctively  there  Ls  a  special  searching-out  of  phenomena  that  sup- 
port the  theorj-;  unwittingly  liiao  there  is  a  pressing  of  the  theory  to 
make  it  fit  tbe  facts  and  a  presning  of  the  facts  to  make  them  fit  the 
theory.  WTien  these  biasing  tendencies  set  in,  the  mind  soon  glides 
into  the  partiality  of  paternalism,  and  the  theory  rapidly  rises  to  a 
position  of  control.  Unless  it  happens  to  be  the  true  one,  all  hope  of 
the  best  results  is  gone.  The  defects  of  this  method  ore  obvious  and 
gra\'e. 

It  is  safe  to  say,  however,  that  under  this  method,  with  all  ita  de> 
fects,  many  facts  will  be  gathered  that  an  observer  of  colorless  atti- 
tude would  have  quite  overlooked.  The  reverse  may  doubtless  also 
be  said.  An  effort  to  avoid  the  dangers  at  once  of  the  colorless  Scylla 
and  the  biasing  Charybdis  gave  rise  to 
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The  Method  of  the  Workiiig  Hypothesis 

This  may  be  regarded  aa  the  distinctive  feature- of  the  methodology 
of  the  last  century.  This  differs  from  the  method  of  the  ruling  theory 
in  that  the  working  hypothesis  is  made  a  means  of  determining  facts, 
not  primarily  a  thesis  to  be  established.  Its  chief  function  is  the  sug- 
gestion and  guidance  of  lines  of  inquiry;  inquirj-  not  for  tlie  sake  of 
the  hypothesis,  but  for  the  sake  of  the  facta  and  their  final  elucida- 
tion. The  hypothesis  is  a  mode  rather  than  an  end.  Under  the 
ruling  theory,  the  stimulus  is  directed  to  the  finding  of  facts  for  the 
support  of  the  thcon,'.  Under  the  working  hypothesis,  the  faets  arc 
sought  for  the  pnrpo.'se  of  ultimate  induction  and  demonstration,  the 
hypothesis  being  but  a  means  for  the  more  ready  development  of  faete 
and  their  relations,  particularly  tkmr  relations. 

lb  will  be  seen  that  the  distinction  is  somewhat  subtle.  It  is  rarely 
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if  ever  perfectly  sustained.  A  working  hypothesis  may  glide  with  the 
utmost  ease  into  a  ruling  theory.  Affection  may  as  easily  cling  about 
a  beloved  intellectual  child  under  the  name  of  b  working  hypothesis 
as  under  any  other,  and  may  become  a  ruling  passion.  The  moral 
atmosphere  associated  with  the  working  hypothesis,  however,  lends 
some  good  inSuence  toward  the  pre>servation  of  its  integrity.  The 
author  of  a  working  hypothesis  ie  not  presumed  to  father  or  defend 
it,  but  merely  to  use  it  for  what  it  is  worth. 

Conscientiouidy  followed,  the  method  of  the  working  hypotheHS  is 
&o  incalculable  advance  upon  the  method  of  the  ruling  theory,  as  it  i* 
al»o  upon  the  method  of  colorless  observation;  but  it  also  hwj  serioua 
defects  As  already  implied,  it  ie  not  an  adequate  protection  against 
a  biased  attitude.  Even  if  it  avoids  this,  it  tends  to  narrow  the  scope 
of  inquiry  and  direct  it  solely  along  the  lines  of  the  hypothesis.  It 
undoubtedly  gives  acuteneas,  incisiveness,  and  thoroughness  in  its  own 
lines,  but  it  inevitably  turns  inquiry  away  from  other  lines.    It  has 

tdAnj;ers,  therefore,  akin  to  its  predecessor,  the  ruling  theory. 
A  remedy  for  these  dangers  and  defects  haa  been  sought  in 


The  Method  of  Multiple  Working  Ifyjwtktses 


This  differs  from  the  method  of  the  simple  working  hypothesis  in 
that  it  distributes  the  effort  and  divides  the  affections.  It  is  thus  in 
some  measure  protected  against  the  radical  defects  of  the  two  previoua 
methods.  The  effort  is  to  bring  up  into  distinct  view  every  rational 
explanation  of  the  phenomenon  in  hand  and  to  develop  into  working 
form  every  tenable  hypothesis  of  its  nature,  cauae,  or  origin,  and  to 
pve  to  each  of  these  a  due  place  in  the  inquiry.  The  investigator 
thus  becomes  the  parent  of  a  family  of  hypotheses;  and  by  his  pater- 
nal relations  to  all  is  morally  forbidden  to  fasten  his  tiO'cctions  miduly 
apOQ  any  one.  Id  the  very  nature  of  the  case,  the  chief  danger  that 
Springs  from  affection  is  counteracted.  Where  some  of  the  hypotbe&ee 
have  been  already  proposed  and  used,  while  others  are  the  inveetiga- 
tor's  own  creation,  a  natural  tendency  to  bias  arises,  but  the  right  use 
of  the  method  requires  the  impartial  adoption  of  all  into  the  working 
family.  The  investigator  thus  at  the  outset  puts  himself  in  cordial 
sympathy  and  in  the  parental  relattona  of  adoption,  if  not  of  author-- 
dhip,  with  every  hypothesis  that  ifi  at  all  opplicablc  to  the  case  under 
investigation.  Ha\'iDg  thus  neutral  ized,  bo  far  as  may  be,  the  partial- 
ities of  his  emotional  nature,  he  proceeds  with  a  certain  natural  and 
enforced  erectness  of  mental  attitude  to  the  inquiry,  knovinng  well  that 
some  of  the  family  of  hypotheses  must  needs  perish  in  the  ordeal  of 
cruciul  research,  but  with  ii  reo^sonable  oxi)ectation  that  more  than 

'  In  this  sketch  I  have  dniwn  frei'lv  upon  mv  paper  on  "  The  Method  of  Mul- 
tiple Working  Hypothcow,"  Jiturn.  (SwL,  r,  18d7. 
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one  of  them  may  RUrvive,  nDce  it  often  provett  in  the  eud  that  seventh 
ageocics  were  conjoined  in  tho  productinn  of  the  phonnmenon.   Hon- 
ors must  often  bo  divided  between  bypothciics.   In  following  a  no^s 
hypothcffls,  the  mind  is  biased  by  the  presumptioDB  of  the  method  to—  fl 
ward  a  i^inglc  expianntorj*  conception.  But  an  adequate  cxplnnAtioim. 
often  involves  the  coordination  of  several  causes.    This  is  especially^ 
true  when  the  reitearcb  deals  with  complicated  phenomena  such  a^B- 
prevail  in  the  field  of  the  earth-ficiences.  Not  only  do  eeverat  agencie^^ 
often  participate,  but  their  proportions  and  relative  importance  vary- 
from  Instance  to  instance  in  the  same  class  of  phenomena.   The  tru^^ 
explanation  is  thercforo  necossanly  multiple,  and  often  involves  »'*■■ 
estimate  of  the  moasuro  of  participation  of  each  factor.   For  this  th^^ia 
simultaneous  use  of  a  full  staff  of  working  hypotheses  is  demanded^.^H 
The  method  of  the  eingle  working:  hypothesis  ib  here  incompetent. 

The  reaction  of  one  hypothesia  upon  another  leads  to  a  fuller  antB 

sharper  recognition  of  the  scope  of  each.  Every  added  hypothesis  i^^ 
quite  sure  to  call  forth  into  clear  recognition  neglected  aspect*  of  th^^ 

phenomena.  The  mutual  conflict*  of  hypotheses  whet  the  discrimin 

ative  edge  of  each.    The  sharp  competition  of  hypothesea  provoke 
keenness  in  the  analytic  processes  and  acuteness  in  differentiatic 
criteria.    Fertility  in  investigative  devices  is  a  natural  sequence,    If, 
therefore,  an  ample  group  of  hypotheses  enoompass  the  subject  oc 
all  ^des,  the  total  outcome  of  observation,  of  discrimination,  and 
recognition  of  significance  and  relationship  is  full  and  rich. 

Closely  allied  to  the  metliod  of  multiple  working  bypotbeees  is 


The  Method  of  MvUiptt  Seriet 

In  many  of  the  more  complex  problems  of  the  earth-sciences  tfc 
basal  facts  are  but  impt'rfectly  determined,  e.  g.,  the  rate  of  rise 
internal  temperature,  the  rigidityof  the  earth's  body,  the  thermal  con- 
ductivity of  the  earth'M  interior,  the  amount  of  the  earth's  shrinkage, 
the  extent  of  lateral  thruet  in  the  formation  of  folded  mountains,  tmc 
many  others,  indeed  most  others.    There  is  need  to  deal  with  thcat^S^ 
problems  notwithstanding  the  imperfection  of  the  basal  data,  f<i 
in  many  cose.?  those  must  long  remain  imperfect.   Moreover,  there  n 
need  to  treat  these  problems  tentatively  to  determine  what  funds*  ■ 
mental  facts  are  really  needed,  how  these  can  best  be  secured,  and  with 
what  precision  they  must  be  determined.  Preliminary  trial  may  save 
much  tedious  and  expensive  experimentation.  It  is  as  foolish  to  culti- 
vate sterile  soil  in  science  as  in  agriculture,  and  preUminar}'  toet«  may 
show  that  given  soils  are  necessarily  sterile.    In  many  cases,  all  th« 
needs  of  the  problem  may  be  met  by  a  multiple  series  of  assumptions 
covering  the  full  range  of  a  probable  fact.  In  most  cases  it  is  easy  to 
see  that  the  value  of  a  given  f  imdamental  factor  cannot  range  1 
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certain  extremes  od  either  band.    If  a  series  of  values  ranging  from 
thft  one  extreme  to  tbe  ollierbeuscd  simultaneously  in  the  inquiry,  the 
full  range  of  results  depetideut  oq  this  factor  may  be  covered.  In  eome 
ioquiries  this  serves  as  well  as  if  tlie  exact  truth  were  known,  for  what- 
ever tbe  assignable  value,  certain  deductions  cannot  etand.   In  other 
CAsee  it  wilt  be  shown  that  a  ver)-  slight  change  in  tlie  value  of  tbe 
bual  factor  will  wholly  change  the  outcome,  and  hence  that  ex- 
tremely accurate  detertninationa  must  be  made  before  any  trusts 
worthy  solution  oan  be  reached.    Expensive  determinations  in  the 
first  case  are  folly ;  very  accurate  determinations  in  the  second  are  to 
be  sought  at  any  cost.  Conclusions  on,  imperfect  data  in  the  one  case 
ire  perfectly  safe;  conclusions  without  precise  determinations  in  the 
Other  are  folly.  It  is  to  be  hoped  that,  with  the  wider  adoption  of  the 
method  of  multiple  neries,  tables  of  serial  determinations  covering 
the  data  of  the  more  vital  phenomena  of  tlie  eurth-scieDcee  will  be 
conatnicted,  as  tables  of  physical  constants  now  are. 


The  Method  c/  Regenerative  Hypotheae* 

In  the  method  of  multiple  hypotheses,  the  members  of  the  group 
are  used  simultaneously  and  are  more  or  lecs  mutually  exclusive,  or 
«ven  antagonistic.  Supplementary  to  this  method  is  the  use  of  a 
mucccMion  of  hypotheses  related  genetically  to  one  another.  In  this 
the  results  of  an  inquiry  under  the  first  hypothe.sis  give  rise  to  the 
assumptions  of  the  succeeding  hypothesis.  The  precise  conclusions 
of  the  first  inquiry  are  not  made  the  ansumptlons  of  the  second,  for 
tiie  process  would  then  be  little  more  than  repetitive,  but  the  re- 
velations and  intimations,  perhaps  the  tneongruities  and  ineompat- 
ilnlities,  of  the  first  results  beget,  by  their  euggestiveness,  the  basis 
of  the  second-  The  latter  is  the  offspring  of  the  fonner,  but  between 
parent  and  offspring  there  is  mutation  with  an  evolutionary  purpose. 
A  cruder  first  attempt  generates  a  more  highly  organized  and  spe- 
cialized working  scheme  fitted  to  the  new  state  of  knowledge  de- 
veloped. Tbe  method  ia  aiwcially  applicable  to  elaborate  inquiries, 
particularly  those  in  which  the  premises  are  imperfect  and  a  long 
logical  chain  is  hung  upon  them.  The  discussioos  of  our  great  funda- 
meotal  conceptions  furnish  the  beat  examples,  chiefly  examples  of 
the  lack  of  a  systematic  regenerative  method.  Among  the^,  two 
geoeral  classes  may  be  recognized,  (I)  those  of  a  rather  rigorous 
type,  as.  for  a  distinguished  example,  the  researches  of  George  Dar- 
win on  tidal  reaction  and  the  history'  of  the  earth  and  moon,  and 
(2)  those  of  a  looser  and  sometimes  rather  metaphysical  type,  which 
I  ah&n  tr>*  to  illustrate  by  the  dnrtrineof  determinism.  In  all  vnmn, 
imp^vns  Bi'c  made  the  basis  of  the  procedure.  Absolute  prenuses 
not  available.     Taking  its  start  from  ihem  afsumptinns,  the 
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process  pursues  a  long  course  and  at  the  end  ronclusion.i  of  great 
import  are  often  drawn.    UsuiUly  the  process  rests  there,  tuiil  in  thus 
lieB  a  Eerious  shortcoming.     It  idiould  fcivc  rise  to  a  new  process  of 
a  higher  order.    Not  seldom,  a  critical  study  of  the  results  wiU  reveal 
fcattiros  t}itic  wero  not  recognized  nor  suspected   in  the  original 
asstimptioDs,  thoui^h  really  there.    Out  of  tliesc  FevelntioDs  slioulci. 
grow  new  assmnptions  and  a  new  process.    The  second  coDcIusio: 
may  in  like  mauncr  betray  unsuspected  qualities,  and  thc«e  6hou}< 
beget  Btill  other  asatimptioos,  and  so  the  procedure  should  contiau 
until  the  field  is  exhausted. 

To  choose  a  sjioeific  illustration  is  not  a  little  delicate,  for  to  t 
most  familiar  it  must  be  of  the  negative  type,  but  I  fear  such 
illustration  is  the  only  way  to  convey  clearly  the  meaning  Iiere  in^ 
tended.  1  therefore  venture  to  choose  one  so  eminent  and  eo  admir' 
able,  even  with  ita  limitations,  that  any  BUggeetion  of  ahortcomin, 
will  in  no  wtae  dim  the  luster  of  a  great  achievement.  In  the  clasai< 
investigations  of  George  Darwin  on  tides  and  their  aHtronomi< 
consequences,  a  viscous  earth  ie  aBsuined  aa  the  starting-point,  wit 
properties  such  t!iat  the  tidal  protuberance  is  carried  forward  hy-^-m- 
the  rotation  of  the  earth  to  the  point  which  gives  the  maxJmuii^  ~^ 
c^ect  on  the  motions  of  the  earth  and  moon.  These  assumption^^s 
run  potentially  through  the  whole  train  of  brilliant  mathematical^l-l 
deduction.  At  the  end  of  the  inquiry,  or  if  not  of  this  parliculf 
inquiry-,  at  leaitt  of  collateral  inquiries,  the  conelusioo  is  reavhcc 
that  the  earth  in  a  rigid  hotly  comparable  to  steel.  Between  such 
rigid  I>ady  and  such  a  viscous  earth  as  wii:s  assunic^l  at  the  out^t  o^^^f 

the  inquiry',  there  is  a  seeming  incongruity.    This,  under  the  regeo^ ^ 

crative  method,  eU]Kji;c8t«  a  new  investigation  on  the  assumptiouM^-'> 
that  the  earth  is  a  very  rigid  body,  with  the  further  assumption  that^^  ^ 
it  has  high  elasticity  of  form,  such  that  its  protuberance  may  porhftj 
not  be  carried  forward  to  the  degree  pre%iously  postulated.  The 
new  assumptions  are  the  more  imperative  because  they  ore  suj 
ported  by  inquiries  based  on  quite  independent  lines.  In  framing 
the  new  hypothesis  an  advance  in  detail  and  in  organixation  is  to  bt— *  ' 
sought  on  the  cvolutlonarj'  principle  already  indicated.  If  the  eartlr^^h 
as  a  whole  is  as  rigid  aa  steel,  and  the  outer  part  is,  as  we  know^  "w- 
formed  of  rock  much  less  rigid  than  steel,  the  interior  must  be  muchrT:^t 
more  rigid  than  steel,  and  there  must  be  a  differential  distribution  oK  ^ 
rigidity.  The  new  inquiry  may  then  well  start  with  the  assmnptioc 
of  increasing  rigidity  toward  the  centre.  Postulating  an  earth 
constituted,  a  first  step  of  the  regenerated  inquiry  might  well  be  ai*""^ 
effort  to  learn  not  only  the  amount  of  the  tidal  protuberance,  but 
also  the  position  of  the  protul>eraiice.  tiiuce  its  position  is  &a  essentit 
as  its  amount  in  influencing  the  motions  of  the*  earth  and  moon.  As^^ 
a  geologist  I  venture  to  entertain  the  belief  that  exhaustive  inquiry 
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an  Buch  regenerative  lines  would  bring  forth  reBuJte  in  harmony  with 
geological  ovidenoes,  with  which  the  well-koown  conclusotis  here- 
tofore reached  seem  to  be  at  fatal  variance. 

The  earth-sciences  are  not  purely  physical  sciences.  They  con- 
cern themeelvee  with  life  and  with  mentality,  as  well  as  with  rocks, 
ocean,  and  atmosphere.  Our  group  is  exceptionally  coniprchonsivc  in 
the  range  of  its  subjects.  Our  methoda  should  hence  be  such  iis  to 
encompasa  the  whole  field.  They  should  give  us  uUimately  o  com- 
plete working  system  of  thought  relative  to  all  the  earth  is  or  holds. 
In  some  sense  the  earth-seiencea  must  come  to  comiJrehend  the  es- 
sentials of  all  tho  sciences.  At  least  as  much  as  aiiy  other  scientists, 
we  are  interested  in  the  fundamental  afisumptious  of  all  the  sciences, 
and  in  their  consistent  application.  To  touch  hastily  this  broader 
field,  I  choose  a  second  illustration  of  the  method  of  regenerative 
hypotbeKes  frcmi  the  relation.4  between  the  atisUDipLions  of  science 
and  the  conclusions  of  science. 

As  our  working  basis,  we  assume  that  our  perceptions  represent 
reality,  wlion  duly  directed  and  cflrrected.  but  that  error  and  illusion 
lurk  on  all  sides  and  must  be  scrupuluasly  avoided.  We  assume 
that  we  are  capable  of  detecting  enor  a.nd  of  demonstrating  truth; 
and  that,  as  requisite  means,  we  have  choice,  and  some  measure  of 
volitional  command  over  ourselves  and  over  nature. 

Starting  thus  with  aesumptions  that  embrace  choice  and  the  pos^ 
sibility  of  error,  and  going  out  into  physical  rewarch,  most  of  us 
have  concluded  that  antecedents  are  followed  ngnrnunly  by  their 
consequents.  Going  out  a  step  further  into  the  chemico- biological 
field  and  noting  the  close  interrelations  between  physicid  and  vital 
phenomena,  majiy  of  ub  have  been  led  to  a  bellof  iu  their  ultimate 
identity.  Going  out  a  step  further  into  the  mental  field,  not  a  few 
of  us  have  concluded  that  an  unvarying  sequence  of  antecedents 
and  consequents  reigns  here  also.  But  this  seems  to  contradict 
the  aseumptioQs  with  which  we  started.  Our  primary  assumptions 
embraced  choice,  volitional  control,  and  the  alternative  of  reaching 
truth  or  falling  into  error  according  to  our  self-directed  discrimination. 

■\Vbat  is  to  be  done  in  the  face  of  this  seeming  uuntradietion?  The 
method  of  regenerative  hypothej^es  answers  that  a  new  set  of  assump- 
tiona  begotten  of  the  contradictory  conclusion  should  be  made  the 
basis  of  a  new  inquiry,  and,  if  possible,  of  a  new  working  hypothesis. 
Instead  of  the  usual  assumption  of  choice,  and  of  the  possible  alter- 
native of  reaching  truth  or  falling  into  error,  let  the  assumption  be 
that  all  acts  of  the  mind  are  parts  of  a  rigorous  chain  of  antecedents 
and  consequents.  Let  it  be  assumed  that  no  swerving  from  the 
predetermined  sequences  is  possible,  that  every  thought  and  every 
act  follows  its  antecedents  with  absolute  rigor,  no  real  choice,  or 
volition,  or  alternative  between  accuracy  and  error,  being  posable. 
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Let  this  set  of  assumptions  bo  tried  as  ft  workinji  hypotbesU.  I  f 
invGStigiitton  be  potisible  under  it,  let  such  investigation  cover  the 
whole  ground  of  what  we  call  truth  and  error.  Let  a  distinction  be 
drawn  between  absolutely  predewnnined  mentaJ  actions  correspond- 
ing to  truthfulness  on  the  one  band,  and  falsity  on  the  other,  if  this 
be  possible,  and  out  of  the  former  let  science  be  constructed  and  let 
it  bo  shown  why  it  it  acUncc,  and  let  the  latt«r  be  disposed  of  in  Bomo 
suitable  way.  In  other  words,  let  the  doctrine  of  determinism  be 
■put  into  workable  jorm,  and  carried  into  effect  in  all  its  applications, 
with  every  step  true  to  the  primary  aasumptionB.  If  this  can  be 
done  successfully,  we  shall  have  a  wholly  new  working  basis  for  the 
produclion  of  science,  with  new  criteria  of  science.  If  it  cannot  be 
done,  and  the  hypothesis  of  determinism  is  unworkable,  let  it  be 
east  aside  like  any  other  unworkable  hj-pothesis.  Whatever  meto- 
phy«ciaDS  may  think  of  an  unworkable  scheme,  ficienti6c  investi- 
gators may  as  well  send  it  to  the  junk-shop. 

Huxley  once  delivered  iiimaelf  of  an  able  exposition  of  determin- 
ism. It  was  severely  criticised  by  a  fellow  countryman  who  seemed 
to  Huxley  to  have  dealt  with  him  unjut<tly,  and  he  poured  out  the 
vials  of  his  rhetorical  wrath  upon  his  critic  as  only  Huxley  could.  But 
if  determinism  be  true,  I  do  not  see  how  Husley'a  critic  could  have 
awer\'ed  by  a  lum  of  a  phrawe  from  what  he  wrote,  and  Huxley's 
wrath  was  not  more  consiKlent  than  that  assigned  to  Xerxes  when 
he  lashed  the  stormy  Hellcjipont  because  it  thwarted  his  purpose. 
But  in  thin  I  may  be  wholly  wrong.  Lti  dficrminigm  protv  iiaeif  by 
giving  rise  to  a  coraplcU  and  atfstciTuUic  working  hypoiheait. 

Whether  this  can  bo  done  or  not,  let  any  other  basal  assumptions 
suRRosted  by  the  inquiry  be  made  the  ground  of  like  attempt*  and 
be  developed  into  full  working  hypotheses,  If  possible,  and  so  con- 
tinue Ihe  effort  until  the  whole  field  is  covered.  Let  it  be  seen  what 
can  and  what  cannot  be  put  into  the  form  of  a  worldug  system. 

In  this  second  illustration  of  the  method  of  regenerative  hypo- 
theses, I  have  touched  questions  not  usually  thought  to  belong  to  the 
earth- sciences.  It  10  none  the  less  true  that  they  are  basal  to  the 
earth-seiences,  as  they  are  to  all  science,  and  to  tU!  true  j^ilosopby 
as  well.  The  earlh-scicnicea  are  entitled  to  probe  for  their  own  bot- 
tom as  well  as  other  sciences,  or  any  plulosophy,  and  it  is  altogether 
wholesome  that  they  sliould  do  so.  The  most  serious  source  of  error 
in  the  development  of  the  earth -sciences,  in  ray  judgment,  is  our 
relative  neglect  to  probe  fuitdamcntal  conceptions  and  to  recogotxe 
the  extent  to  which  they  influence  the  most  common  observations 
and  interprets tiona.  We  need  a  method  of  thought  that  shall  keep  us 
alive  to  these  basal  considerations.  To  thin  end  I  believe  it  to  be 
condm-ive  to  wiundnem  of  intellectual  procedure  to  regard  our  whole 
system  of  interpretation  as  but  an  effort  to  devok)p  a  consistent 
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system  of  workable  hypotliescs.  I  tlunk  we  should  do  well  to  abandon 
all  cisims  that  we  are  reaching  abeolute  truth,  iu  the  severest  sense 
of  that  phrase,  and  content  ourselves  with  the  more  modest  effort 
lowork  out  a  system  of  interpretation  which  shall  approve  itself  in 
practice  uuder  such  teste  as  human  powers  can  devise.    Wherein  lie 
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The  Basal  Criteria  of  our  Sciences 

I  believe  they  tie  esitentjiilly  in  the  tmrkint/  qualily.  Whate^'er 
conforms  thoroughly  to  the  wnrkiiig  rcquircmtnls  of  nature  probably 
oorrespondis  csscntiiilly  to  tlic  ttbiS()lul<u  truth,  though  it  may  be 
much  short  of  the  full  truth.  That  may  bo  accepted,  for  the  time 
being,  us  true  which  duly  approves  itself  tmder  all  tests,  as  though 
it  teen  true.  Wheiiover  it  seems  to  fail  under  tofiL  in  any  degree, 
confidence  is  to  be  withdrawn  in  equal  degree,  and  a  rectification  of 
conceptions  sought.  This  may  well  hold  for  all  conceptions,  however 
fvmdamental,  whether  they  relate  to  the  physical,  the  vital,  or  the 
mental  phenomena  which  the  earth  presents.  Let  us  entirely  abandon 
the  historic  effort  of  the  metaphysicians  to  build  an  inverted  pyramid 
on  an  apex  of  axioms  assumed  to  be  incontestable  truth,  and  lei  us 
rear  our  euperstructure  on  the  results  of  working  trials  applied  as 
widely  and  as  severely  as  possible.  Let  tis  seek  our  foundation  in 
the  broadest  j)n<;Hible  contact  with  phenomena,  I  hold  that  the 
uxrrking  lest  when  brought  to  bear  in  it«  fullcat,  moat  intimate,  and 
severest  forms,  is  the  supranc  criterion  of  that  which  ehoutd  stand  t« 
us  for  truth.  Our  interpretative  effort  should,  therefore,  be  U> 
organize  a  complete  set  of  workinK  hypothc&cs  for  all  phenomena, 
physical,  vital,  and  mental,  so  far  as  appropriate  to  our  sphere  of 
research.  Thew  should  be  at  once  the  basis  of  our  philosophy  and 
of  our  science.  These  hypotheses  should  be  constantly  revised, 
extended,  and  elaborated  by  all  available  means,  and  should  be  tested 
continually  by  ever>-  new  relation  which  comes  into  view,  until  the 
crucial  triple  shall  become  as  the  sands  of  the  sea  for  multitude  and 
their  severity  shall  have  no  bounds  but  the  limits  of  human  capacity. 
That  whiL'h  under  this  proloiigedordeal  shall  give  the  liighest grounds 
of  assurance  may  stand  to  us  for  science;  that  which  shall  rest  more 
upon  inference  than  upon  the  finner  modes  of  determination  may 
Ifltftitd  t4>  us  for  our  philosophy ;  while  that  which  lies  b(;yond  these,  aa 
itHnetbing  doubtless  always  will,  may  Etand  to  us  fur  the  workiug 
material  of  the  future. 
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Facts  of  oarth-acienco  have  now  been  bo  ttbundantiy  acq\ure<:^E=l 
ftnd  80  thoroughly  systcmatiKod  that  there  is  some  danger  of  nu^^BT 
substituting  the  schemes  in  which  earth-knowledgo  has  been  kuih' 
majriied  for  first-hand  knowledge  of  the  earth  it«e1f. 

For  a  fundamental  matter  like  the  globular  form  of  the  earth,  wc 
resort  to  a  hand  globe,  eo  admirable  in  its  imitation  of  nature  tbu^v~t 
we  must  beware  lest  the  little  globe  rather  than  the  earth  in  ii 
true  dimenBions  satiBfies  our  imagiualion.  We  have  bo  eonvenicntlj 
divided  the?  geological  record  of  ihe  earth's  liistorj-  into  ages  &dczz 
periods  that  their  easily  repeated  names  are  apt  to  replace  tht-^  t 
laborious  conception  of  long  divisions  of  time. 

Our  escape  from  the  danger  of  taking  scheme  for  fact  baa  Iain  it 
the  re^irt  to  individual  observation,  and  the  paet  centur)*  lauat  lot 
be  famous  for  the  extent  to  which  advantage  has  been  taken  of  th^^  -' 
opporLimily  for  outdoor  study. 

The  cartli  baa  been  explored  and  measured  aa  never  Iwfore.  Th^^  -* 
lauds  have  been  mappt-d.  the  oceans  have  been  chartc<i,  by  origins,  _^^ 
observer).  Tlie  air  has  been  ftjllowcd  in  it*  circuita,  great  and  smaU  X  -'■ 
The  structure  of  the  earlli's  crust  lias  been  patiently  traced  out.^:*^^' 
Thus  "Go  and  see  "  came  to  be  our  watchwords  one  hundred  yearf""^' 
ago.  As  long  aa  we,  like  Antwus  of  old,  can  return  to  the  earth  foe  ^or 
new  Bt<]rea  of  the  strength  that  we  Bnd  in  fact.<;,  we  need  not  fc 
l)cing  strangled  by  any  voluminous  Hercules  of  theory. 

It  is  the  active  appeal  Ui  observation  that  has  checked  the  fr 
dom  of  speculation  which  our  Lrilliant  prcdeceasons  enjoyed  in  atr^  ^ 
earlier  century,  when  their  fanciful  schemes  were  little  reatraincc::^^* 
by  the  barriers  of  fact  that  have  since  then  been  built  up  on  evoi>a^^ 
side.  Imleed,  schemes  cimie  to  be  for  a  time  so  mucli  in  disreputi 
that  some  investigators  wished  to  suppress  theorizing  altogether, 
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'W|jg>pcn  in  the  effort  to  supphint  the  name,  geology,  by  geognoey. 
T  rejoice  that  the  effort  did  not  succeed;  for  if  earth-wnence  were 
really  limited  to  facts  of  diret:t  observiitioti,  it  would  be  ul  best  a 
(treary  nubject. 

How  uninspiring  would  be  such  &  knowledfie  of  tides  as  could  be 
gained  only  by  iwtuftl  observation  along  the  eeashoro!  A  collection 
of  such  records  would  be  like  an  orphnnage,  where  the  foundling.'*  are 
doubtless  well  cured  for  nnd  thoroughly  drilled  in  their  little  duties, 
and  yet  left  without  ihe  inspiriting,  enlarging  influence  of  parental 
care  that  they  find  on  adoption  into  the  family  of  earth,  moon,  and 
6un. 

Hence,  whatever  the  danger  of  schemes  and  theories,  they  pvc 
the  best  of  life  to  our  bodies  of  facts,  and  our  science  cannot  survive 
'without  them.  Indeed,  we  have  come  to  know  that  the  danger  of 
eystoms  and  theories  lies  not  iu  iheir  dependence  on  the  imagination, 
but  in  the  possibility  of  their  careless  growth  and  of  their  premature 
adoption,  and  even  more  in  the  acceptance  of  a  personal  responsi- 
bility for  their  maintenance  instead  of  lea\'ing  that  responaibility  to 
external  evidence. 

If  there  is  any  subject  in  which  (he  aid  of  schemes  and  theories 
bued  on  observations  bus  been  absolutely  necessary  for  progress. 
it  is  earth-science,  where  so  many  of  the  essential  facts  are  invisible. 
It  cannot  be  too  carefully  borne  in  mind  that  obser^'ation  and 
theory  arc  alike  in  their  objects,  however  different  they  may  be  in 
their  methods.  Both  aet^k  ti>  dittrovcr  the  facts  of  Uicir  science:  one 
deals  with  facts  that  arc  \'isiblc  to  the  outer  eye;  the  other  with 
facts  that  cannot  he  seen,  whether  becauw  they  are  too  small  or  t<Mi 
large  for  outer  vision,  nr  becHUse  they  are  hidden  within  the  earth, 
or  in  past  time,  or  Iwcause  they  are  impalpable  abstractions  or 
relations.  In  both,  fancy  is  soractimrtt  taken  for  fact,  more  often 
so,  perhaps,  in  theorizing  than  in  observing;  but  wc  must  nut  for 
that  reason  give  up  either  means  of  investigation.  Wc  have  learned 
that  both  observing  and  theorizing  must  be  carefully  conducted: 
and  we  have  therefore  replaced  the  earlier  watchwords,  "Go  and 
see,"  with  the  later  ones,  "Se«  and  think." 

We  may  still  give  praise  to  those  who  apply  themselves  chiefly 
to  gaining  first-hand  knowledge  of  obser^-ahlc  facts,  but  wi;  have 
learned  to  give  greater  praise  to  tho^e  who,  on  a  jn>od  foundation 
of  viaible  facts,  employ  a  wcU-trained,  constructive  imagination 
in  building  ingenious  and  successful  theories  which  shall  bring  to 
nght  the  invisible  facts.  Wo  have  been  longest  familiar  with  the 
need  of  theory  in  those  branches  of  our  subject  which  ha^-e,  by  reaaon 
of  association  with  mathematical  problems,  traditionally  employed 
deductive  methods  in  their  diecwwion,  as  in  earth-meaflurcracnt;  wo 
are  least  familiar  with  it  in  tlioee  branches  that  tiave  until  lately 
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followed  for  the  most  part  inductive  or  even  only  empirical  methods, 
&s  has  so  generally  been  the  caee  ^'ith  geography. 

For  example:  in  the  study  of  the  tides  already  referred  to,  how 
niianimoUH  we  are  as  to  the  inadequacy  of  inductive  methods;  how 
Hiiiversttlly  we  accept  the  man-eloua  theoretical  scheme  of  inter- 
Mtion  between  planet  and  satellite,  deduced  from  tidal  theor>';  how 
■wo  admire  its  extension  to  the  supposed  relation  of  the  inferior 
planets  to  the  sun.  But  in  general  geography,  how  little  attention 
has  been  given  to  the  deductive  and  Bystematic  consideralion  of 
its  many  problems:  how  many  geographers  stiti  look  rather  askance 
at  those  of  their  number  who  pnipoue  tn  treat  geographical  problems 
through  theory  as  well  as  through  observation!  It  seemit  to  me 
clear  that,  while  the  earlier  progress  of  geography  was  very  lar^y 
indueti%'C,  the  later  progress  has  been  largely  determined  by  a  free 
acceptance  of  deductive  a&  well  as  inductive  methods,  and  that 
geography  as  well  as  geology  is  to-day  profiting  greatly  from  the 
use  of  our  faculty  of  insight  as  well  as  of  outsight. 

The  objections  that  are  not  infrequently  urged  against  the  employ- 
ment of  indirect,  inferential^  as  well    us  of  direct,  ol)cter>'ational 
methods  in  certain  branches  of  our  wiencc  come  from  two  sides.   On 
line  side  ia  a  misapprvhen»on  as  to  the  nature  of  our  tasks,  a  belief 
that  our  work  may  really  be  lat^icly  inductive,  that  observation 
alone  will  sufhcc,  if  patiently  continued,  to  discover  all  pertinent 
facts.   This  is  a  serious  mistake:  there  is  ovcr>-whcre  more  unseen 
than  seen.    On  the  other  side  is  the  fear  that  theories  may  l>ecome 
our  masters  and   that  we  may  appeal  to   them  as  infallible,  and 
thus  set  ourselves  up  as  authorities.    This  Is  a  most  natural  induc- 
tion from  the  history  of  our  earlier  progress,  for  we  have  repeat- 
edly seen  the  sincere  young  investigator  grow  into  the  impatient 
old  autocrat:  it  is  a.  bit  of  human  nature  that  we  share  with  I 
rest  of  the  world:  it  is  analogous  to  the  change  of  meaning  in  t 
word  tyrant,  from  a  mere  kiug  to  an  arbitrary  des[)ot.  But  there  l^b 
another  verbal  analogy  in  the  change  of  the  word  skeptic,  Crotn  in-^ 
quirerto  doubter,  and  it  is  this  analogy  that  we  are  now  followms. 
We  have  leamed  to  doubt  because  we  know  we  may  be  deceived  ; 
we  mistrust  careless  eyes  as  well  as  careless  thoughts,  snd  insist 
that  careful  scrutiny  he  given  to  the  work  of  each:    we  reduce  the 
dangers  of  theorizing,  just  as  we  reduce  the  emirs  of  obser\'ing, 
not  by  avoiding  that  indispensable  means  of  inveBtigation,  but  lij 
practicing  it  carefully,  until  we  become  experts  in  thinking  aa  wtD 
as  in  seeing;   and  all  this  constitutes  an  important  element  in  our 
recent  progress. 

In  spite  of  what  has  already  been  gained  by  good  theorizing,  fern 
realize  how  largely  earth-science,  apparently  a  matter  of  obserra- 
tion,  is  really  built  up  of  inferences  that  go  far  beyond  mere  indae- 
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tions.  Idany  of  the  infereiicee  have  gained  a  certification  eo  good  and 
so  fanuliax  that  in  respect  to  verity  they  take  rank  with  seen  things, 
and  we  are  apt  to  forget  their  origin.    The  successive  deposition  of 
bedded  rocks,  the  orgunJc  origin  of  fos.<«i]s,  the  original  horizontality 
and  continuity  of  foldoti  and  crodud  strata:  tho^e  inferences  are  to- 
day accepted  as  if  they  bad  never  been  doubted;  but  they  all  were 
onco  doubted,  and  they  had  to  make  their  way  against  oppoeition. 
Whatever  order  of  certainty  they  have  now  acquired,  they  are  not 
facts  of  observation,  but  facts  of  inference;   and,  like  the  great  body 
of    earth-science,  these  well-accepted  facta  of  past  time  have  not 
been  determined  by  direct  seeing,  but  by  inference  on  the  baais  of 
eceing.     We  may,  therefore,  justly  claim  great  progrera  for  earth- 
seience  not  only  in  the  extent  and  accuracy  of  our  observations,  but 
al9o  in  the  extent  and  accuracy  of  our  inferences.    While  there  is 
yet  need  of  more  conscious  rccoKnitiou  and  more  tliorough  training, 
especially  in  the  deductive  processes  by  which  many  problems  may 
be  solved,  we  may  stiU  say  that  among  the  most  significant  steps 
that  ve  have  taken  in  the  past  century  are  those  by  which  the  ueces- 
83ty  and   the   value  of  theorising  have  gained  frank  acceptance 
among  invcHtigatore  and  by  which  many  of  the  results  of  theorizing 
have  gained  an  urder  of  verity  that  compares  well  with  that  of  facts 
of  mere  observation. 

An  illuiitralion  of  this  phaw  of  our  progress  is  to  be  found  in  fwn 
definition;),  each  r>f  wluch  has  a  certain  currency,  liy  some  writers, 
geology  is  defined  as  the  8tudy  of  the  earth's  crust,  thus  emphai^izing 
the  observational  side  of  the  Bubjcct;  by  others,  geologj-  is  defined 
as  the  study  of  the  earth *a  hi3tor>',  thus  giving  fuller  recognition 
to  the  growth  of  inference  upon  obecrvation.  Tho  second  definition 
does  not  lessen  the  essential  importance  of  observation  as  the  found- 
ation of  knowledge,  but  it  accords  a  proper  value  to  inferences,  and 
io  this  way  is  characteristic  of  what  seems  to  me  sound  scientific 
prngresB.  The  earth's  crust  rnntaina  the  incomplete,  partly  con- 
cealed, partly  undecipherable  records  on  which  we  elto  to  construct 
the  science  of  geology:  just  as  human  monumcnlfl  and  writings  are 
the  records  on  which  we  nrc  to  construct  human  history;  but  in 
neither  case  are  the  records  and  the  history'  identical,  for  the  histcrj- 
ID  both  cases  iDcludes  a  great  body  of  mfereoces  as  well  as  of  more 
directly  recorded  or  observed  facts. 

The  wholesome  appeal  to  observation  in  the  search  for  visible  facts 
has  loosened  the  control  of  supposed  authority,  and  has  cjven  us 
much  of  the  freedom  necessary  for  progress;  but  the  assistance  of 
the  trained  imagination  in  the  search  for  invisible  facts  has  in  a  far 
greater  degree  corrected  the  assumptions  of  an  earlier  stage  of  in- 
quiry; it  has  even  revised  the  dicta  of  philosophy  and  remodeled 
the  dogmas  of  rvligiun. 
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The  inferential  element  of  our  progress  has  worked  most  bene- 
Bceiitly.  It  is  larf^ly  tlirougli  o\ir  iiiferencea  that  we  have  come  to 
recoguisc  the  iuUsrdepcndouce  of  the  different  parts  of  earth-science. 
The  climBtoiogist  may  remain  as  pro\niicial  as  he  wishes;  or  he  may 
enter  through  the  gntenuy  (if  present  conditions  the  vast  domaiiu 
of  paM  timCp  and  on  the  way  make  friendit  with  all  the  world;  for 
he  n-ill  then  join  handa  with  the  petrographcr  who  has  evidence  of 
ancient  desert  rnnditione  in  thv  form  of  the  grains  in  certain  saod- 
atones;  and  with  the  palccntolo)(i:<t  who  infers  ttie  existence  of 
ancient  ocean-currents  from  the  drift  of  graptolite  stems;  and  with 
the  glaciologist  who  jb  askinR  the  astronomer  and  the  phywrist^ 
whether  one  or  the  other  of  Ihem  can  best  account  for  the  pleistocene 
ioe-«beet8. 

Not  only  do  the  different  parts  of  eftrth-ecienre  thus  cnnnecl 
with  one  another,  but,  as  the  last  illuiitnition  showt^d,  tiicy  inti^rlacc 
most  interestingly  with  the  branches  of  other  sciences  in  the  foreet- 


of  knowledge.  The  syet^mi'tisl  would  indoKJ  be  nt  a  loss  to  clnssifj 
our  work,  if  in  clas^ificAtioD  he  thought  to  keep  it  apart  from  other 
kindfl  of  work.  Better  let  it  grow  up  naturally,  with  inteilBcing 
treetops  and  crowded  underbriwh,  each  tree  showing  ite  indiWdual- 
ised  effort  in  the  universal  competition,  than  seek  to  trim  it  into  an 
orchard  of  separate  treee.  The  departments  and  eectiona  into 
whiL-h  we  are  divided  in  this  Congress  do  not  represent  objectively 
disconnected  groupa  and  units  of  knowledge,  but  aasoeiated  parts  in 
contiguous  growths  of  acquiaition;  we  mu8t  not  hesitate  to  go  oul  of 
conventional  bounds,  and  to  trespass,  as  it  is  called,  on  other  depart' 
ment«,  when  it  is  to  our  advantage.  Others  are  surely  free  to  do  the 
same  by  us.  When  we  employ  methods  called  mathematical  and 
physical  in  our  etudy  of  the  winds,  the  profit  ia  not  only  found  in 
direct  results  but  also  in  the  use  of  deduction  and  experimentation, 
80  familiar  in  mathematics  and  physics,  and  so  much  less  practiced, 
yet  so  much  needed,  in  all  part.sof  carHi-acicnce:  in  return  we  suppl>- 
dataforlhcstudy  of  the  phenomena  of  gases  on  tlie  largest  terrestrial^^  -^ 
scale. 

We  must  be  chemists,  geometricians,  and  phy»cista  in  audyinti^  Jf 
the  minerals  of  the  earth's  crusts;  and  in  return  we  supply  to  thus-!— ^^ 
cherai«t  a  great  variety  of  natural  compounds,  and  to  the  physicisc*"*^ 
the  mutcriul  basis  for  a  remarkable  variety  of  optical  phenomena-  -^• 
We  must,  indeed,  mnr\'el  at  the  skill  displayed  by  mincraJa  —  which^  -^ 

invade,  colonize,  migrate,  and  settle  again  in  tJie  dark  inner  world 

in  himdling  cxtcmai  rays  of  light,  and  we  may  wonder  if  they  have*^^ 
not  had  some  preliminary  practice  on  radiations  of  a  kind  ihatr*^ 
physicists  havo  yet  to  describe.    Admirable  also  arc  the  cr^'stallioe^^^ 
forms  that  give  realization  to  the  early  inventions  of  geometers,  much-^w  , 
in  the  way  that  planets  and  comets  give  us  in  their  orbits  great  nat — - 
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ural  cxnmpiBS  of  the  conic  wctione,  famitiiir  for  centuries  as  mathe- 
matiral  abstrat^tions. 

But  it  is  particularly  with  biology  in  all  its  branches  that  we 
have  learned  to  borrow  and  lend.  The  evolution  of  the  earth  and  the 
evolution  of  organic  forms  are  doctrines  that  have  reinforced  each 
other:  the  full  meaning  of  l)oth  is  gained  only  when  one  is  seen  to 
furtiish  the  inorganic  en%nronment,  and  the  other  to  exemplify  the 
oi:ganic  ruponse.  Without  quGHtiou,  the  interaction  here  discovered 
in  tlie  working  of  two  great  processes  is  the  most  notable  discovery 
of  the  present  century,  not  the  lesa  glorioua  because  we  share  it  with 
other  sciences.  For  if  they  have  to  do  with  the  players,  we  have  ti> 
do  with  the  scenery  and  the  properties  for  the  all-world  stage, 
where  the  success  of  the  players  hoa  been  conditioned  by  our  setting 
since  the  play  began.  In  the  univerRat  habit  of  re^^piration  &h  a  meana 
of  gaining  the  energy  by  which  nil  plants  and  animaln  do  their  life- 
work,  we  see  a  successful  response  to  the  presence  of  free  oxygen, 
mixed  in  the  air  or  di.ssolved  in  the  waters,  and  hence  we  infer  that 
free  oxygen  hiui  been  present  in  utmc»ephere  and  occuns  at  least 
as  long  ae  life  haa  existed  nn  the  earth.  In  the  development  of  stem 
and  root,  of  dorsal  and  ventral  pnrts,  we  perceive  the  everlasting 
persistence  of  gravity:  t-o  fail  in  the  recognition  of  thLs  elementary 
example  of  interaction  between  life  and  environment  would  lie  on 
a  par  with  neglect  of  the  earth's  rotation  because  the  evidence  of  it 
is  found  in  the  commonplace  consequences  of  sunrit^  and  sunset. 

The  races  of  mankind,  so  inappropriately  treated  as  a  chapter  of 
physical  geography  in  many  of  our  text-books,  but  really  the  prime 
factor  of  political  geography,  are  obviously  determined  by  the  larger 
features  of  the  lands;  just  as  the  development  of  the  higher  organic 
forms  has  been  deterniiried,  nut  on  the  monotonous  ocean-floors,  but 
on  the  lands,  where  variety  has  really  been  the  very  spice  of  life. 

If  we  turn  to  history,  —  not  amply  to  the  politics  of  the  past,  but 
to  the  real  historj'  uf  human  thought  and  action,  —  the  progress 
of  our  own  science  furnishes  innumerable  examples  of  response  to 
environing  opportunity:  how  natural  that  the  later  geological  series 
should  have  been  £ntt  deciphered  in  England,  where  it  is  so  well 
displayed;  that  the  study  of  earthquakes  and  the  invention  of 
flei»niographs  thrive  in  Italy  and  Japan;  and  that  geomorphy 
advanced  rapidly  in  our  arid  West  through  the  study  of  the  nude, 
^     just  aa  sculpture  flourished  in  Greece. 

It  is  but  the  commonplace  of  economics  to  show  the  large  deiwnd- 
I  encc  of  modem  civilization  on  the  occurrence  of  mineral  deposits. 
like  the  quiescent  crystalline  forces  in  the  rounded  quartK-grains  of 
ancient  nond^tones,  still  capable  of  determining  the  settlement  of  new 
molecules  around  the  old  ones,  the  marvelous  storcii  of  dormant 
energy  and  strength  in  beds  of  coal  and  iron  ore  have  lung  bided  Lhclr 
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time.  After  ages  of  neglect,  they  hnve  become  the  centres  of  great 
populations:  and,  now  that  our  prinrtw  of  industrj-  have  through 
countless  difBcuHiee  touched  and  awakened  Ibcm  (o  life,  we  find 
a  new  meaning  in  the  old  fairj'-story  of  the  Sleeping  Beauty. 

Even  those  broader  considerations  that  wc  meet  in  philosophy  and 
relt^iun  have  developed  new  phases  as  the  schemes  of  earlier  timeH 
have  been  modified  in  view  of  the  geological  record:  the  place  of 
work  in  the  world,  not  a  curse,  but  a  duty;  the  date  of  the  golden  age, 
not  behind  ue,  but  ahead:  the  \iew  of  death,  not  a  punishment,  but  a 
natural  element  in  the  progress  of  life:  even  the  conception  of  immor- 
tality has  come  to  be  —  with  some  —  directed  less  to  speculations 
about  a  continued  life  elsewhere  Uian  to  the  study  of  the  continuity 
of  life  here. 

Ketigious  ideaa  themaelves  —  at  least,  when  we  examine  them  ob- 
jectively in  the  beliefs  of  others  than  our  own  people  —  are  seen  as  if 
in  a  mirror  held  to  nature:  and  the  very  gods  of  the  lower  religions 
are  but  reflections  of  the  powers  of  the  earth. 

It  i£  only  when  we  consider  these  broad  pha^s  of  earth-science  that- 
nre  gain  our  share  of  profit  from  the  revolution  that  replaces  the  tele- 
ologioftl  philosophy  of  the  first  half  of  the  niiieteenlh  ccntuo*  by  the 
evolutionary  philosophy  of  the  last  halt.  Our  conception  of  the  eartiu 
Mvetl  as  of  its  inhabitants  has  been  profoundly  modified  by  this  revo- 
lution, and  much  of  our  progress  has  been  conditioned  on  the  full 
acceptance  of  the  newer  view. 

Now  if  apology  is  needed  for  introducing  the  preceding  conaidera- 
lions,  wbicli  some  might  rail  irrelevant,  let  me  urge  that,  whatevci" 
share  they  may  make  of  other  sciences,  they  are  also  so  closely  grafted . 
into  ooe  or  another  branch  of  earth-tuciencc  that  we,  as  geologists  or 
geographers,  cannot  afford  to  neglect  them.     In  so  far  as  they 
related  to  elements  of  our  science  as  consequences  are  to  causes, 
rmponses  are  to  environment,  we  must  take  at  least  some  account  of 
them,  even  if  their  study  in  other  rdations  is  left  to  BpecialisUs  In  other 
HubjcctH.    In  doing  so,  wc  are  only  carrying  out  our  work  to  its  Ic^ti- 
matc  conclusion.    It  is  without  question  our  responsibility  to  study 
the  ancient  inorganic  conditions  that  det^rmircd  the  location  and  th< 
migration,  the  development  and  the  extinction,  of  anoicnt  faunas., 
for  theL^e  conditionK  were  at  IcORt  in  part  geologit^al  factors  of  one  kindS-^^ 

or  another;  it  is  equally  our  responiiibllity  t€  study  the  modem  condi^ -•'" 

tion«  that  dctcrntinc  the  location  of  cities  and  the  routes  of  trade,  for^V-  ^r 
these  conditions  arc  largely  ^eofcraphical  factors;  but  the  cxaniplcs^?^** 
of  organic  response  here  adduced  arc  merely  a  few  of  many,  and  all*^  '^ 

the  rest  eland  on  an  equ.il  footing  with  them,  whether  they  arc  com 

monly  classed  with  biology  or  history,  with  economics  or  religion.  We 
long  ago  saw  that  the  more  simple,  immediate,  and  manifest  example 
of  organic,  especially  of  human  responses,  belonged  in  the  realm  of 
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iphy;  and  from  this  begii 


realiEC  that  there 


fi  we  now 

s(opfnng-[Jtu;o  till  nc  include  all  other  examples,  camplex,  indirect, 
or  obscure  as  sonic  of  them  may  bo;  for  there  is  &  graded  series  of 
connecting  examples  from  the  most  artful  human  response  down  to 
t-he  moat  unconscious  plant  response,  and  from  the  immediate  re- 
sponses of  lo-tlay  back  to  the  earliest  responses  of  the  geologioul  ages. 
It  would  be  most  arbitrary  to  draw  a  division  in  our  studies,  when 
no  divipinn  exiFtfi  in  the  things  studied.  It  Ja  therefore  a  piece  of  good 
fortune  that  geographers  are  coming  to  follow  the  practice  of  geolo- 
gigts,  and  thus  to  accept  among  their  rcsponeibilities  the  great  breadth 
of  physiograpliie  and  ontoRraphie  relationships  existing  to-day,  as 
geologisis  have  aceeptcd  them  for  the  past.  And  it  is  also  a  good  for- 
tune that  biologists  are  coming  to  accept  the  responsibility  of  study- 
ing environment  afl  well  as  response:  for  only  in  tliis  way  have  the 
earth  anil  its  iniiabitantu  really  len-rnetl  to  know  each  other.  I  rejoicCt 
therefore,  whenever  a  student  of  earth-science  completes  his  studies 
by  carrying  them  forward  to  their  organic  contiequcnces,  us  seen  from 
the  side  of  the  earth;  and  again  whenever  a  student  of  biology,  of 
language,  of  economics,  of  religion,  carries  his  studies  backward  to 
a  consideration  of  inorganic  causes,  as  seen  from  the  side  of  life :    for 
thus  and  thus  only  we  may  hope  that  the  knowledge  of  both  causes 
and  coD8e<iU6nces  shall  increase  in  fullness.  Our  present  understand- 
iogof  this  interdependence,  not  only  of  different  brunches  of  our  own 
science,  but  of  the  bratichea  of  our  own  and  of  other  tM-ienceti,  is  truly 
a  great  step  toward  the  solution  of  the  wonderful 'riddle  of  the 
world. 

The  real  foundation  of  the  broad  consideration  of  earth-science 
rests  on  the  continuity  of  ordinary  procesacs  thrt)Ugh  the  long  periods 
of  recorded  earth-history.  Nothing  has  so  profoundly  modified  the 
appreciation  of  other  subjects,  as  well  jis  of  our  own,  as  the  tearhing 
of  geology  concerning  the  (■onception  of  time  and  the  long  procession  of 
orderly  events  that  has  marched  through  it.  Such  a  conquest  of  the 
understanding  is  enough  to  inukr  us  proud  indeed ;  yet  when  we  real- 
ize how  short  a  »hurc  of  time  hwa  btrcn  allott^Hl  to  us,  how  sincere 
sliould  be  our  humility!  To-day  we  may  be  lords  of  creation,  powerful 
through  ccphalization:  yot  in  face  of  the  repeated  extinction  of 
dominant  races  in  geological  history,  how  can  we  think  otherwise  than 
that  we  are  clad  only  in  a  little  brief  authority;  how  can  we  seri- 
ously believe  that  we  represent  the  highest  stage,  the  acme  of  organic 
development,  comforting  and  flattering  as  this  deductive  opinion 
may  be! 

The  conception  of  the  continiiity  of  processes,  without  cstra-nalurftl 
interference,  has  been  forced  to  fight  its  way  against  opposition ;  now 
it  has  gained  at  least  a  very  general  verbal  acceptance  among  us,  and 
is  quietly  drifting  into  popular  belief.  To  realize  its  full  meaning  is  an 
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arduous  task,  not  only  because  or  the  opposilioo  of  inherited  preju- 
dices,  but  even  more  because  of  the  inherent  difficulty  of  the  problem. 
To  think  that  processes  such  as  those  of  to-day  have  dune  all  the 
work  of  tlie  past  ia  appalling:  yet  we  are  constrained  to  l»elieve  it. 
Even  as  waves,  beaten  up  in  a  stormy  sea  subside  after  the  xsinds  are 
c&lmed,  !«>  the  mountain  waves  or  wrinkle^  of  the  earth's  crust,  grow- 
ing aslung  asorngenie  etormsare  at  work,  are  in  time  calmed  to  plains; 
and  this  nut  by  unusual  procej^j^es,  hut  by  the  patient  wealliering 
and  wa^liiug  of  scrupa  and  grains.  While  these  alow  changes  go  on  in 
the  extincrtion  of  mountain  syetcma,  the  races  of  plant*  und  animals 
that  originally  gained  poaacsaion  of  the  lofty  young  mounlaius,  that 
grew  up  with  them,  so  to  speak,  must  cither  adjust  themselves  to  the 
changes  in  their  aurroundingn,  or  migrate  to  other  homes,  or  vanish, 
all  in  due  order  through  the  flowing  current  of  time. 

Nowhere  i»  the  orderliness  of  geological  changes  better  attested 
than  in  the  forms  of  ridge  and  valley  tteen  to-day  in  various  examples, 
young  and  old,  of  wiiating  mountain  rungci;  themselves,  and  in  the 
systematic  adjustment  that  is  attained  by  the  drainage-lines  with 
respect  to  the  structures  on  which  they  work.  Here  indeed  is  cumula- 
tive testimony  for  uniformitarianism;  for  nothing  but  the  long  per- 
sistence of  ordinnrj'  processes  can  account  for  these  marvelous  com- 
monplaces. So  wonderful  is  the  organization  of  these  land  and  water 
forms  in  physiographic  maturity  and  old  age,  so  perfect  is  their 
systematic  interdependence,  that  one  must  grudge  the  monopoly  <^ 
the  term  organism  for  plants  and  animals,  to  the  exclusion  of  well- 
organiscd  forms  of  land  and  water.  By  good  fortune,  evolution  ia 
a  term  of  broader  meaning :  we  may  (share  its  use  with  the  biologists; 
and  we  are  glad  to  replat'C  the  violent  revolutions  of  our  predecossM* 
with  the  quiet  processes  that  evolution  suggests. 

It  is  the  assurance  of  orderly  continuity  that  binds  the  past  to  the 
present  in  the  endless  sequenceof  events,  and  shows  us  that  geography 
is  only  to-day's  issue  of  a  perpetual  journal,  whose  complete  files  con- 
stitute geolog>'.  He  must  be  a  geographer  of  the  old  school  who  would 
now  maintain  that  his  subject,  in  content  und  treatment,  really  be- 
longs out»ide  of  the  geological  curriculum.  It  may,  on  the  other 
hand,  be  justly  contended  that  tlie  whole  uf  carth-scicncc  is  mode  up 
of  geographic  sheets.  —  until  to-day.  pulcognographic.  if  you  like,  — 
all  horizontally  stratified  with  respect  to  the  vertical  time-line.  Is 
every  sheet  we  find  news  of  the  relation  of  earth  8n<i  life,  of  environ- 
ing control  and  organic  response,  of  physiography  and  ontography. 
Ewry  little  item  of  new.-*  here  published  is  worthy  of  close  atte-ntion. 
The  reader  may  examine  all  sorts  of  items  on  a  single  sheet  and  con- 
sider tteir  temporary,  areid  di»tribution,and  so  acquire  the  geographic 
view;  or  he  may  examine  the  changing  items  of  certain  areas.  folloT- 
ing  their  chronological  ecqucnco  in  successive  shccta,  and  so  acquire 
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the  ^ological  view;  but  it.  would  be  unfortuDate  if,  in  so  doing,  he 
did  not  perceive  the  interchangeable  relations  of  these  two  methods 
of  invesiigation, 

Them  IB  to  my  understanding  a  great  profit  that  has  been  gained 
from  conceiving  the  whole  body  of  our  science  in  the  way  thus  sug- 
gested. Branches  such  as  meteorology  and  terrcatrial  magnetism, 
which  we  ordinarily  treat  fts  parts  of  physical  geography  and  thus 
associate  with  present  time,  are  seen  reftlly  to  have  their  ancient  as 
well  as  their  modern,  their  geologic  as  well  as  their  geographic 
phases.  We  can  gain  some  hints  aa  to  ancient  meteorology,  for  we 
find  rc«ordM  of  paleozoic  raindrops,  of  remote  glarial  depoRitSr  and 
we  hope  yel  to  tind  evidence  concerning  the  distribution  of  early 
climatic  xoncs.  As  far  aa  ancients  records  of  this  kind  can  tw 
pieced  together,  we  may  ntudy  them  in  their  momentary  or  goo- 
graphic,  as  well  as  iu  their  continuous  or  geologic  relations.  Con- 
cerning ancient  phases  of  terrestrial  magnetism,  wc  are  at  a  loss;  yet 
our  conception  of  even  this  branch  of  earth-science.  b.s  well  as  that  of 
Ihe  meteorological  branch,  is  certainly  broadened  when  it  is  regarded 
ft8«contemporan,-of  all  the  geological  ages,  and  not  merely  as  a  latter 
day  charactorifitin  of  the  globe. 

Similarly,  those  geolopciil  events  which  we  are  accuatomed  to  treat 
in  their  time-sequence  gain  fuller  meaning  when  they  are  decomposed 
into  their  momentary  elements,  and  when  each  element  is  treated  as 
a  geographical  feature  associated  with  its  contemporary  fellows.  The 
columnar  sections  of  stratified  rock«,  for  example,  so  useful  in  the 
understanding  of  historical  geology,  are  like  the  edgewise  view  of  a 
closed  hook.  The  book  must  be  opened,  the  leaves  must  be  turned 
over  one  by  one,  the  pages  of  these  early  records  must  be  read,  like 
so  many  gazetteers  of  ancient  times.  Never  mind  if  some  pages  are 
worn  and  others  are  missing:  Lhoe^e  that  can  kUIE  l>e  deciphered  tiwiure 
us  that  the  past  was  generally  like  the  present,  an<l  warrant  the  gen- 
eralization that  geology  is  like  nothing  »u  much  as  a  whole  series  of 
geographies. 

At  the  present  stage  of  our  progress,  the  sciences  of  the  earth  may 
be  given  a  somewhat  different  classilication  from  that  of  the  eight 
sections  into  which  they  are  divided  for  the  purposes  of  thi.«!Congn»5. 
These  sections,  ns  it  aeem.s  to  me,  represent  the  subjective  divisiona 
of  our  science.'',  within  each  of  which  specialistB  may  limit  their 
Htudien  more  or  less  closely,  and  for  each  of  which  speakers  may  be 
provided.  But  when  regarded  objectively,  the  di^Hsions,  their  group- 
ing, and  their  relative  values,  must  be  otherwise  presented.  Geology 
objectively  considered  is  not  merely  one  of  the  earth-sciences;  it  is 
the  whole  of  them:  it  is  the  univcrsnl  history  of  the  earth.  It  is  true 
that  geology  has  so  largely  to  do  with  past  time  that  it  is  not  popu- 
larly understood  to  include  the  present;  but  it  certainly  does  Include 
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the  present,  and  the  futura  also,  as  Tofit  as  it  arrives.  There  is  no  poe- 
sibility,  in  the  under3tainiirg  that  we  have  now  Bftmed  of  earth-ed- 
ence,  of  slipping  the  geologipiil  reconl  at  any  stage  of  the  pleistocene, 
and  railing  the  rest  geography:  that  would  involve  the  resurrectioii 
of  buried  theories,  which  held  the  pmit  to  be  unlike  ibe  present  order 
of  thing5. 

Conversely,  geography  is  stultified  when  absolutely  limited  to  the 
things  of  to-day,  as  if  tiic  things  of  tlic  past  were  of  another  nature- 
It  is  of  course  populnrly  so  considered,  iind  pcrhnpn  for  that  reason 
its  aeientific  development  is  stunted.  When  regarded  ohjectivdy,  the 
geography  of  to-day  is  nothing  more  nor  less  than  a  thin  section  at  the 
topofgeolog>',  cut  across  the  grain  of  time;  and  nil  other  thin  sections 
are  so  much  more  like  the  geography  of  to-day  than  they  are  like 
anything  else,  that  to  call  them  by  another  name  —  except  perhaps 
puleogcography  —  would  be  adding  confusion  to  the  earth's  past 
history  instead  of  bringing  order  out  of  it.  Our  plain  duty  is  to 
emphasize  the  rontlnuity  of  events,  that  great  result  of  our  studies. 
and  not  to  Imply  a  break  in  their  siipcesslon  by  using  unlike  terms  for 
different  members  of  a  single  series. 

Geology  thus  being  composed  of  a  succession  of  countless  geo- 
graphies, geography,  in  its  widest  sense,  is  likewise  composite,  in- 
cluding its  inorganic  and  its  organic  purls.  It  is  pnrticidRrly  coo- 
cenied  with  the  surface  of  the  earth  to-day.  as  the  home  of  life;  but 
surface  and  to-day  must  here  be  very  freely  construed;  for  we  must 
draw  upon  the  sub-  and  supersurface  parts,  and  on  the  days  before 
to-day,  whenever  we  find  profit  in  so  doing.  When  we  study  the 
shape  and  size  of  the  earth,  we  touch  upon  what  may  be  developed 
into  gewdeey.  When  we  Btudy  the  inorganic  parte  n{  the  earth  for 
themselves,  in  what  may  be  called  their  static  relations,  we  enter 
upon  mineralogy  and  ]*lroIogy,  or  geochemistrj';  for  it  must  be 
remembered  that  water  Is  u  mineral  and  that  air  is  a  rock.  When 
we  study  the  dynamic  relations  of  the  inorganic  parts  of  the  earth. 
we  have  geophysics,  within  which  ocean^jgraphy  and  meteorology  are 
Eubdivisiona,  of  rank  .■similar  to  terrestrial  magnetism  atid  to  that 
large  category  of  phenomena  that  includes  the  activities  of  tlie 
earth's  crust,  it  is  true  that  physical  or  dynamical  geologj-  is  the 
heading  under  wliich  erosion,  volcanoes,  and  earthquakes,  are  usually 
treated,  as  if  the  present  phenomena  of  the  earth's  crust-a]  en%'e]upe 
were  to  be  set  aside  from  the  phenomena  of  the  hydrosphere  and 
atmosphere,  Hnd  associated  chiefly  with  the  historj-  of  the  past.  Bui 
we  have  now  certainly  reaehed  a  point  when  the  utuly  of  all  tliese 
subjects,  their  interaction  in  apace,  and  their  continuity  tlLmugfa 
timtt,  cU-niand  tbdr  OMsociation  in  u  single  group  of  studies  which 
shall  embrace  all  the  activitica  of  tlie  earth  in  their  present  mani- 
festation; with  the  full  understanding  that  the  present  is  only  the 
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latest  adcliliinn  to  the  po^t  und  thitt  the  past  is  only  the  inte^ation 
of  a  vast  series  of  ancient  presents. 

All  these  present  physical  activities,  even  if  earned  down  to  such 
specialties  as  potn-molof^y  and  kuma.tolog>',  are  so  elosely  aaaociatod 
with  the  standard  subjects  of  ffen^nphy  that  it  is  difficult  and  unad- 
visable  to  cut  them  asunder.  Yet  every  one  of  them  may  be  carried 
to  such  B  degree  of  detail  an  to  stand  apart  and  gain  rank  as  an  inde- 
pendent study.  The  arciirary  of  the  Keodcsist,  the  rninutene»»  of  the 
miDeralogist,  the  high  Hi^hta  of  the  meteorologist,  have  now  gone  so 
for  in  their  spccint  development  a»  to  lead  far  away  from  each  other, 
when  they  are  studied  for  themselves,  however  closely  their  more 
general  results  may  lie  associated. 

When,  however,  we  study  the  inorganic  features  of  the  earth  not 
as  independent  phenomena,  but  as  elements  of  organic  environment, 
they  all  belong  strictly  in  physipal  geography,  or  phyftingraphy. 
Parenthetically  let  me  say  that  I  regret  the  excessive  breadth  given 
to  this  term  by  British  Btudents.  and  the  narrowness  imposed  upon 
it  by  thoM  Aniorieans  who  would  limit  it  to  the  study  of  the  lands. 
When  we  pursue  the  subdivisions  of  physiography,  nomenclature 
becomes  incomplete.  Climatology  is  unique  in  being  a  name  for  the 
study  of  the  atmosphere  in  so  far  as  it  determines  organic  environ- 
ment ;  economic  g6oiog>-  is  a  study  of  useful  minerals  and  rocks,  but  is 
less  stnctly  trcut«<I  a;!  an  objective  subdivision  of  physiography  than 
is  clinuitolng}-,  nnd  there  in  associated  with  it  ho  much  of  ingeninuHnesii 
and  artifice  in  the  exploitation  and  treatment  of  mineral  products 
that  we  are  apt  to  put  the  cart  before  the  horse  and  think  that  we 
make  gold  or  coul  servo  our  needs,  instead  of  n^alijiing  that  we  make 
ingenious  use  in  money  and  fuel  of  the  pnijierlics  that  gold  and 
coat  possess,  just  as  wc  mako  use  of  moving  air  in  windmills,  und  of 
falling  water  in  factories. 

There  are  no  special  names  for  the  phenomena  of  oceans  or  of  the 
other  division.-s  of  physiography,  considered  as  elements  of  organic 
environment,  iimi  there  is  perhap.s  no  need  of  such  names;  yet  I  hold 
that  it  is  tiesiruble  and  even  important  to  rccognino  the  two  ways  in 
which  the  inorganic  features  of  the  earth  may  be  studied:  cither  for 
tbemsclvcs,  without  regard  to  their  controls  over  organic  life;  or  as 
elements  of  an  inhabited  planet,  with  continuous  attention  to  the 
controls  that  they  exert  over  the  inhabitants. 

When  we  come  to  the  organic  inhabitants  of  the  earth,  it  is  evident 
that  they  fall  under  biology  when  studied  for  themselves,  and  that 
they  may  be  di\nde[l  under  botany  and  zoology,  and  subdivided  as 
often  as  desired.  This  is  ninnifcstly  true  as  well  of  fossils  as  of  living 
fonns.  When,  on  the  other  hand,  the  inhabitants  of  the  earth  are 
studied  with  respect  to  the  responses  that  they  have  made  lo  their 
iuorganic  or   physiographic  environment,  they  are   appropriately 
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included  under  geography.  It  ha-s  been  recognized  for  many  yean 
that  no  geographical  description  of  a  region  is  complete  without  some 
acootint  of  its  plants  and  animiils.  and  ejipeoially  of  its  pcoplca:  just 
as  oo  paleogeographic  act^nunt  of  a  geological  horizon  would  bc  satis- 
fying if  its  fot»il  faunn  und  flora  were  left  unmentioncd.  Uut  in  recent 
years  it  has  bocn  soco  to  bc  necessary  to  treat  uniformly  all  the  organic 
elements  of  goo^rnphieal  desttriptions  in  their  relations  to  environing 
ooDtroU:  for.  as  I  have  already  shown,  if  a  beginning  is  made  there  ia 
DO  reasonable  stopping-place  until  this  end  is  reached. 

We  are,  in  this  matter,  still  sometimes  too  much  under  the  control 
of  traditional  methods  of  treatment ;  we  do  not  fully  enough  put  into 
practical  effect  the  greater  lensons  that  we  have  learned.  The  earth  as 
U)G  home  of  man  is  a  primitive,  elementary  definition  of  geography; 
the  earth  as  the  home  of  life  is  more  fonsiMlent  with  present  progress. 
Earth-scieuce  Una  uow  certainly  reached  a  position  in  which  the  unity 
and  coutijauity  of  life  are  recognized.  Let  us  then  adopt  this  position 
as  our  starting-point  in  the  organic  half  of  geography  that  may  be 
called  ootography.  Let  ub  make  it  practically  useful  by  treating  all 
organic  responaea  to  environment  under  one  general  heading,  ci'en 
though  we  afterwards  find  it  desirable  to  treat  human  respooses  in 
a  separate  chapter.  For  even  if  man's  will  seta  liim  liigh  above  the 
other  fonos  of  life,  it  must  not  be  forgotten  that  his  will  often  leads 
him  lUong  physiographic  lines;  and  that  he  posacsaes  many  struc- 
tures and  habits  entirely  independent  of  his  will,  and  similar  to  the 
structvircs  and  hahit-s  of  lower  animnls,  as  eTcampIca  of  ontogmphic 
responses-  Kven  human  houses  and  roads  arc  only  different  in  degree 
from  the  hoiiiws  and  roads  made  by  animals  of  many  kinds.  Still 
more,  if  we  accept  the  principle  of  the  continuityof  geography  through 
geology,  we  must  recognize  that  moat  of  the  successive  geographies 
of  the  pant  have  had  nothing  to  do  with  the  human  will;  and  Ihftt 
man  and  liis  works  arc  after  all  only  modem  inuovtitions. 

The  chief  impediment  to  action  upon  this  view,  which,  aa  1  have 
said,  has  been  unfolded  before  us  by  the  progress  that  our  science  haa 
already  made,  is  the  habit  of  studying  geography  and  geology  too 
■eparately,  and  of  regarding  the  former  as  a  subject  for  narrative 
treatment,  while  the  latter  is  admittedly  a  subject  for  scicnUfic  inves- 
tigation. The  hint  to  this  effect  that  ie  given  by  the  unlike  constitu- 
tion of  geographical  and  geological  societies,  the  world  over,  ought  not 
to  pass  unnoticed.  Membership  In  many  geological  societies  is  lim- 
ited to  experts;  if  niemliership  in  a  single  geographical  society  '» 
similarly  restricted,  I  have  yet  to  Icam  of  it. 

Let  us  then  build  on  the  progress  we  have  made;  let  us  realize  that 
only  when  ontography  is  treated  as  thoroughly  as  physiography  wifl 
geographical  work  gain  the  beet  geographical  flavor.  So  empiricnJ 
has  been  the  traditional  geographical  treatment  of  the  organic  el«- 
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ments.  so  imperfectly  have  the  organic  elements  been  generally  recog- 
oufid  as  balancing  the  inorgajiic  elements  in  the  make-up  of  the  sub- 
ject as  a  whole,  thiU  no  name  has  come  int^)  une  for  the  organic  half 
of  geogra])hy  correapunding  to  physiography  for  the  inorganic  half; 
and  it  ia  to  supply  thiH  lack  that  I  have  elsewhere  suggested  the  name 
above  used.  I  believe  that  the  adoptiun  of  .si^me  such  name  would  aid 
in  the  aystematic  cultivation  and  in  thc^vmrnetrical  development  of 
geography,  and  thus  uf  geology  al:!o  as  a  whole,  by  bringing  more 
prominently  forward  the  necessity  of  giving  —  or  at  least  attempting 
to  ^ve  —  as  scicntifiR  a  treatment  to  the  inhahitanta  of  a  region  in 
their  geogrb|iiii(r  rclatinnn  aa  to  the  region  iuelf. 

Th«  adojitinn  of  annie  auch  tenn  as  ontography  would  tend  to 
correct  the  false  idea  that  goography  ia  concerned  only  with  the  elo- 
mentan'  nnd  niunifcst  uxuniplcs  of  organic  rcsjionBea;  it  would  pro- 
mote thoroughness  of  study,  and  thus  more  fully  continue  the  pro- 
gress that  we  have  thus  far  made.  The  adoption  of  the  term  would 
moreover  emphasize  the  prinriple  of  continuity  through  time,  of  the 
geographical  Btralilication  <tf  geology,  which  ia  of  so  great  importance 
in  the  scientific  development  of  our  subject:  for  ontography,  in  which 
persistent  phywographic  influences  make  themselves  felt  through 
inheritance,  is  then  seen  to  be  only  the  modern  member  of  u  great 
aeries  with  whose  earlier  members  wc  have  long  bocn  famihar  in  pal&- 
ontoloigy.    The  recognition  of  the  continuity,  the  essential  unity,  of 
these  two  subjects  ^  one  dealing  with  the  hving  forms  of  to-day, 
the  other  with  the  dead  forms  of  the  past  —  dignifies  the  first  and 
vivifies  the  second;   and  adds  yet  another  argument  in  favor  of  an 
objective  rather  than  a  suljjective  classiFication  of  the  sciences  of  the 
earth.  The  beginning  of  the  cultivation  of  ontography.  already  made 
more  or  lees  conscioiuly,  Btrongly  suggests  a  larger  development  for 
the  future.  We  are  thus  assured  that  as  thedetailsof  organic  i-e^punfiai 
are  worked  out,  aud  the  importance  of  physiographio  details  is  recog- 
nized, the  difference  between  physiography  as  the  study  of  environ- 
ment, and  geochemistry  and  geophysics  as  the  study  of  the  earth 
for  itself,  will  diminish.    To-day  no  one  can  say  how  far  the  details 
of  these  semi-independent  sciences  may  not  be  found  essential  in 
physiography. 

Let  nie  now  amuse  you  for  a  moment  with  a  srheme  of  terminology 
that  might  have  a  little  value  if  some  of  its  terms  were  not  already 
appropriated  in  other  meanings.  The  sclieme  docs  not  rcprc*ent  the 
historical  development  of  earth-science,  hut  sets  forth  its  several 
puts  in  the  relations  that  our  progress  up  to  date  shows  them  to 
stand. 

Suppose  we  should  use  the  ending,  otogy,  to  denote  the  conception 
of  sequence  in  time,  and  ography  lo  denote  the  conception  of  tem- 
porary distribution.  We  should  then  have  our  whole  subject,  geology, 


502 


SCIENCES  OF  THE  EARTH 


in  which  time-Bequence  is  the  dominant  idea,  made  up,  like  an  endle^ 
priHm  of  mioa,  of  an  indefinite  number  of  momentary  sheets  of  geo- 
i;ruphy  that  cleave  across  the  time-axis.  Biography  would  then  lose  it< 
liiiiilutiun  lo  man,  and  become;  the  study  of  tetnpurar}'  Horaa  and 
fftunas  in  succeesivc  gcugrapliicfi;  while  biology  would  give  up  ita 
usual  meaning  and  become  the  study  of  life  in  the  deveiopmenUl 
sequence  of  organic  evolution  throuph  RcologiciU  time.  The  study  of 
the  minerals  and  rocks  of  any  epoch  would  be  minemgratifay  and 
{wtrography,  while  mineralogy  and  petrology  would  treat  prublemsof 
purugcnesis  and  mctamnrphism,  in  which  the  passage  of  time  is  eawn- 
tiul;  und  for  one,  I  should  then  \x  able  to  remember  what  petrography 
and  iiclTology  mean.  Bo  wo  might  gonn  with  physinltig^^v,  meteorology, 
and  oceanolofO',  as  made  up  of  a  succession  of  physiographies, meteor- 
ographies,.and  oceanogrHphies,  and  wc  should  have  glacialogy  and 
cliniatology  maile  up  of  glaciography  and  climatography;  and  on- 
toUigy.  or  the  sequence  nf  organic  resfjonses  to  the  changing  earth, 
would  \k  made  up  of  a  succe.'wion  of  ontographieK. 

Schemes  of  terminology,  however,  are  not  often  succetssfully  made 
to  order  in  this  fashion;  they  are  slowly  evol\-ed  without  much  regard 
to  system,  as  is  seen  in  the  haphazard  nomcncluiurc  of  oceans,  seas, 
gulfs,  and  bays.   Mincrogrnphy  is  strange  to  the  point  of  offense  to 
the  ear;   we  cannot  take  over  biography  luid  physiolog)-  from  their 
present  uses;  we  must  get  along  with  nuch  terms  as  we  have,  and  with 
such  new  ones  uh  are  added  from  time  to  time.  My  only  object  in  sug- 
gesting this  fanciful  scheme  is  to  bring  more  clearly  forward  the  space 
and  time  relations  that  are  recognizable  in  ail  branches  of  our  subjeat. 
as  well  »s  ID  geography  and  geology.  The  progress  of  tbe  last  century 
has  certainly  brought  us  now  to  a  stage  when  these  general  relation^ 
ships  may  be  in  good  part  understood,  if  we  give  heed  to  them.   W^ 
fail  to  take  the  best  advantage  of  our  progreas,  if  wa  see  only  tb9 
specialized  development  of  our  several  8ul)-8cienoc8. 

It  haeoften  seemed  to  me  as  if  pctrologists  were  rather overwbelmec/ 
at  present  with  the  Qood  of  new  facts  that  modern  methods  of  re- 
search have  let  Umse  upon  them ;  yet  how  greatly  is  the  study  of  botJi 
mineralogy  and  pi-trography  broadened  by  the  addition  of  tlie  contin- 
uous to  the  nu>in(!ntHry  consideration  of  minerals  and  rocks  tha[ 
the  flood  has  swept  before  us;  for  even  the  nicks  have  their  phaaea of 
youth  and  age.  So  brief  is  our  life,  that  goomorphologiele  arc  even 
to-day  hardly  accustomed  to  the  systematic  mobilize ii<iit  of  laod- 
fonAs;  yet  the  description  of  the  lands  is  greatJy  strengthened  when 
their  forms  are  seen  to  be  fixeil  only  in  the  sen^e  that  an  express  train 
seems  to  be  fixed  before  the  instantaneous  wink  of  the  camera's  eye. 
The  ontogrupher  may  lie  bewildered  when  he  realizes  what  the  evolu- 
tioniiry  struggle  for  existence  mcjins  to  the  individual;  and  when  hp 
thinks  how  long  the  world  was  the  scene  of  relentless  strife  before 
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pity  waa  born,  and  how  young  and  impotent  pity  ta  stilt,  we  may 
■well  wonder  whether  we  have  yet  learned  much  of  omnipotence. 
Yet  bow  superb  ia  the  conception  of  the  procession  of  life,  never 
halting  in  it^  march  through  the  corridors  of  time.  Thcac  arc  groat 
acquisitiona  by  which  our  science  baa  enriched  human  thought,  and 
it  behooves  us  to  occupy  as  often  ae  possible  the  point  of  view  to 
which  they  carry  us. 


i_   Dei 
H  off 

i  _  n 
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It  has  not  appeared  desirable  to  give  place  In  this  address  to 
special  pn)blc!ns,  because  they  will  receive  due  attention  in  the 
addrceacs  that  are  to  follow  under  the  eight  headings  allotted  to  our 
Department.  And  besides,  it  would  be  impossible  even  in  the  whole 
of  on  address  to  do  justice  to  the  great  body  of  work  that  includei 
not  only  the  establishment  of  the  great  nge  of  the  earth,  and  the 
itinuity  of  onlinary  orderly  process,  inorganic  and  organic,  but 
a  flood  of  lesser  results:  the  penetration  of  all  the  lands,  except 
those  of  the  polar  caps,  the  sounding  of  the  oceans,  the  refined 
analysis  of  the  atmosphere,  the  optical  i^tudy  of  rocks,  the  discovery 
of  f;Iacial  epochs  in  the  past,  the  measurement  of  tremors  that  have 
passed  through  the  body  of  the  earth,  oiid  countless  others. 

I  have  therefore  sought  to  consider  only  the  prospect  from  the 
point  of  view  to  which  the  progress  of  a  hundred  years  has  led  u.s. 
Vast  as  ifi  the  expanse  over  which  we  look,  innumerable  as  are  the 
elemcats  of  the  view,  the  chief  impression  that  we  gain  is  one  of 
well-ordered  iateraction  in  the  continuous  progress  of  events,  all 
of  whose  momentary'  geographio  phases  —  with  all  their  parts  of 
earth,  air,  water,  and  reiipon<ling  life  —  are  spread  upon  successive 
pages  in  the  great  volume  of  geologitial  records. 
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SxcxETAKV:  PKorxtuoft  E.  M.  [.kii.\kmt8,  WLnoiui  NoinuU  £hooi.  &Ium. 


I      The  Chainnaii  of  the  Section  of  Geophysics  wm  Professor  Christo- 
pher W.  H&ll,  of  the  University  of  Minnesota,  who  stated,  Jn  present- 
ing   the  speakers: 
,        "Scientific  men  hnve  hitherto  followed  their  several  lines  of  re- 
■Waarcb  with  such  success  that  vantage- ground  is  secured  from  which 
f  to  take  a  siir\'ey  of  broader  fields,  not  onJy  within  their  own  especial 
department  of  research,  but  into  neighboring  grounds.    Indeed,  they 
are  discovering  by  this  sur\'ey  that  what  had  appeared  a  wall  of 
obetruction  on  this  side,  and  a  line  of  demaricatiou  on  the  other,  has 
I  been  an  illusion.    As  they  approach  for  closer  scrutiny,  neither  wall 
nor  linecan  be  found.  Their  own  field  is  broader  than  they  supposed; 
they  can  travel  on  and  on  without  discovering  the  first  obstruction; 
they  find  themselves  within  the  vast  field  of  foots  and  phenomena 
-nitbout  let  or  hindrance,  save  in  the  limitations  of  their  own  powers. 
They  find  grouped  around  themselves  still  others  who  have  entered 
the  field  from  other  directions  and,  under  simitar  conditions,  at- 
tracted by  the  same  spirit  of  inquiry  and  led  on  by  Burcesses  In  re- 
search, have  set  their  faces  toward  a  new  future  of  promising  dis- 
'  cover}'. 

'*  Gathered  to-day  from  different  parts  of  the  world,  some  of  U8 
^leologists  and  others  physicists,  wo  stimulate  each  other  in  a  common 
seal  and  aid  each  other  in  a  common  search  for  the  gemtt  of  truth 
-which  this  coinmon  ground  shall  reveal.   We  are  to  be  tohl  what  has 
already  been  done  and  what  are  some  of  the  problems  of  the  immedi- 
ate future.  This  field  is  a  most  promising  one:  were  I  to  a<;t  the  seer 
1  should  tell  you  that  nowhere  else  within  reach  of  human  f;cniu8 
'  and  industry'  is  there  greater  promise  of  return;  out  of  the  field  of 
I  geophysics  are  to  come  rewards  of  toil   that  shall  give  mankind  a 
clearer  view  into  fundamental  cause.*',  and  a  firmer  grasp  upon  its 
natural  environment,  than  elsewhere  in  the  brood  field  of  intellectual 
i   accomplishment  can  be  had.   Stirring  suggestions  aa  to  the  origin  of 
I    the  world  and  the  physical  activities  springing  from  that  creation 
are  already  ner^ng  inveatigators  to  action." 
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BT  GEOROt;  fe;rdinand  osckgb 

[Goorse  Ferdiiuuid  Becker,  V.  B.  Ocologiet  in  charge  of  DiviiuoD  of  diemlcal 
Aud  FliyaioJ  Ht-si-axclii-H,  Ufnplivtiicifll  of  UKri>cgi(>  Juctiluiiaii.  b.  January  5, 
IS47.  Ni"«-  York  City.  B.A.  HnWarti.  1868;  Ph  D,H«idelbcrK,  1800;  H'auoe 
KnffiriM-r,  Ittrliii,  l!*7I.  Initructor  in  Mining  liiiii  Mctftllurg}',  Univcwity  of 
Califinnitn.  187S-7l>;  Spociiil  A(i:ont  IVmth  C*««iw.  1S7!>-S3,  Member  of  NDtion&l 
Academy;  Geological  So4'iety  of  Ainencn;  Wasliington  Acad«niy.  Author  of 
niuncrous  books  and  aiticlM  od  geology. 1 

Advancks  in  science  are  seldom  made  without  a  view  to  the 
Bolulion  of  specific,  roncrctc  problems,  even  when  the  results  of 
investigation  poBsess  the  wideist  generality.  The  history  of  science 
id  full  of  instances  of  the  fruitfulncss  of  n^earclies  the  immediate 
purposes  of  which  were  narrowly  defined.  Geophysics  is  only  that 
INirtion  of  general  physics,  including  under  that  t«rm  phyaicaJ 
chemistry',  which  is  applicable  to  the  elucidation  of  the  past  history 
arid  present  condition  of  the  earth.  It  is  thus  a  very  definite  branch 
of  applied  science,  the  exigencies  of  which  call  for  (he  solution  ot 
n  group  of  related  problems.  These,  however,  pnssees  great  interest 
apurt  from  their  application  to  the  globe,  while  for  the  most  port  they 
offer  very  serious  experimental  atid  theoretical  difficulties.  Had 
they  been  easy,  tkey  might  have  been  solved  long  ago,  for  many  of 
the»«  pnjblenis  have  been  propounded  and  more  or  \es>i  discussed 
from  the  birth  of  modern  science  to  the  present  day.  Their  difficulty, 
nut  lack  uf  recognition  of  their  importance,  lias  postponed  their 
solution. 

The  main  purpose  of  this  paper  is  to  deal  with  the  order  in  which  it 
would  be  fixfwdient  Ui  investigate  the  questions  embraced  under  the 
head  of  geophysics,  but  a  brief  and  incomplete  enumeration  of  the 
problems  from  a  geological  standpoint  will  serve  to  lend  &  coherency 
nnd  a  hutnan  interest  to  the;  subject  which  it  would  otherwise  lack. 

I'liysiral  geolog>'  begins  with  tlie  solar  nebula  and  the  genesis  of 
the  earth-moon  system.  The  hormonicB  of  the  solar  s>'Stem  com- 
|>ellod  the  inimortni  Knnt  and  the  ever-living  Laplace  to  seek  the 
origin  of  Ihe  planet.s,  the  8un,  and  the  other  -stars  in  heterogeneous 
nebulas  which  they  supposed  to  have  condensed  about  one  or  Mveral 
nuclei.  Rvery  attempt  to  devise  an  easentially  different  hypothesis 
has  fuilpd,  and  every  history  of  the  glolie  which  liegins  after  the  birth 
of  the  planet  is  unsatisfying.  In  the  drama  of  the  universe  there 
must  have  been  pre-nebular  scenes,  but  of  these  wc  have  as  yet  no 
inkling.  The  nebular  hypothesis,  as  its  authors  propounded  it, 
explains  the  similarity  in  the  composition  of  the  membera  of  the 
solar  system  which  is  indicated  by  the  analysts  of  met«ont«s  and  by 
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the  Epectroscope,  though  the  facts  thus  revealed  were  unknown  to 
Kant  And  Laplace.  It  is  also  compatible  with  and  accounts  for  the 
heterogeneity  in  the  composition  of  the  earth  manifeeted  in  the 
ftotual  asi.'mmetric  distribution  of  oceans,  mountain  rojiges,  and  ano- 
malies of  gravitational  force,  as  wet)  as  in  the  curiously  local  occur* 
rence  of  certain  ores  (such  as  those  of  tin  and  mercury)  and  in  the 
predominance  of  certain  alkalies  among  the  rocks  over  wide  areas. 

Thifl  heterogeneity,  however,  is  of  a  small  order  of  magnitude.  The 
general   dependence   of  gravity  on   latitude,  the  nearly  spheroidal 
shape  of  the  earth,  and  other  phenomena  show  that  the  distribution 
of  density  is  nearly  symmetrioal,  while  the  divergence  of  ttie  spheroid 
from  the  figure  characteristic  of  a.  fluid  of  the  same  mean  density 
and  moss  as  the  earth  demonstrates  that  the  interior  layers  of  equal 
density  are  oblate.    These  and  similar  facts  are  consistent  with  and 
are  strong  evidence  for  the  hypothesis  that  the  globe  has  been  fused 
at  least  to  a  considerable  depth  from  the  growing  surface  of  the 
gathering     nebulous    mass.       Neverthetess,   Houghton,    and    more 
recently  Professor  Chamtwrliti,  have  supposed  that  the  accretion  of 
nebulous  matter  was  so  slow  that  the  hent  of  impact  did  not  sufTice 
to  produce  fusion.   The  hypothesis  of  superficial  fusion  is  not  incom- 
patible with  the  minor  heterogeneity  pointed  out  above;  for  the 
!aw9  of  diffusion  in  viscous  fluids  give  proof  that  sensibly  perfect 
homogeneity  could  not  be  produced  even  in  5(),00l),l)nn  yenr.-!  through- 
out a  body  of  liquid  originally  heterogeneous  and  po«*essing  a  tenth 
of  themaiwof  theeurth.  On  the  other  hand,  there  is  no  known  ground 
ntlier  than  mere  convenience  for  supposing  an  original  homogeneity 
cither  of  the  nebula  or  of  the  earth. 

The  problem  of  the  distribution  of  density  in  the  earth  is  one  of  the 
tmosl  important  in  all  geophysics.  It  is  as  .significant  for  geodesy  and 
terrestrial  magnetism  ns  for  geology.  That  Laplace's  empirical  law 
represents  it'  approximately  is  generally  acknowledged,  but  it 
appears  substantially  certain  that  this  is  merely  an  approximation 
■without  theoretical  value.  Only  extended  researches,  however,  can 
replace  it  by  one  better  founded. 

The  solidity  of  the  earth  is  now  very  generally  accepted,  though 
l>escartes'8  hypothesis  of  its  fluidity,  invented  to  satisfy  his  erroneous 
theory  of  vortices,  died  hard.  Lord  Kelvin  showed  from  tidal  phe- 
nomena that  the  effective  rigidity  of  the  earth  is  about  that  of  a  con- 
tinuous globe  of  steel.  Professor  Newcomb  pointed  out  that  the 
Chondleriau  nutation  leads  to  the  same  conclusion  and  an  almost 
identical  value  of  the  modulus  of  rigidity,  and  Professor  George  H. 
Darwin  demonslrstcd  that,  if  the  earth  is  s.  viscous  liquid,  its  vis- 
poeity  must  be  some  20,000  times  as  great  as  that  of  hard  brittle 
pitch  near  the  freezing-point  of  water.  From  the  point  of  view  of 
Bl^,^hysical  chemistry,  and  in  consideration  of  Professor  Ar- 
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rhonius's  opinions,  the  mutter  requires  further  conwderstioa.  la 
particular  it  is  most  important  to  know  whether  the  earth  is  aub- 
Btantiftlly  a  crystalline  solid  or  an  amorphous  Rubstance,  for  many 
modem  phyiuca]  chemists  consider  amorphous  matter  as  liquid. 
This  opinion  ie  fur  from  bring  ratuhliHhed,  however,  and  recent 
experiments  by  Mr.  Spring  eliuw  thut  mere  deformation  at  ordinary 
temperatures,  attended  by  only  a  very  small  absorption  of  energy, 
BUlEees  to  convert  crystnllitic  mctnls  into  aubstaaces  exhibiting 
ehar&ctemtics  of  amorphous  bodies.  Since  NordenKkiold's  great 
discovery'  oi  large  masses  of  terrestrial  iron,  or  rather  nickel  steel, 
in  Greenland,  and  the  wide  difitribution  since  proved  for  similar 
metal  imbedded  in  i^eoui;  rocks,  a  great  amount  of  e\-ideDce  bae 
accumulated  that  a  large  part  of  the  etirth  is  composed  of  material 
indiaticjc^uishable  from  that  of  mettdlio  meteorites.  Meteone  iron  m 
of  course  a  highly  cryBtalllne  material. 

It  is  a  ver^-  striking  fact  that  the  mean  rigidity  of  the  earth  is  about 
that  of  steel,  for  the  only  substAnce  likely  to  occur  in  extensive  c*mi- 
tinuous  maeeee  and  displaying  such  rigidity  at  ordinary  temperatures 
andpieesures  is  steel  it^lf.  Nevertheless.theconclusioacamiotyctbe 
drawn  fn>m  the  resistance  to  deformation  displayed  by  the  earth,  that 
it  is  chiefly  composed  uf  steel.  Elastic  resistmice  is  known  to  >«  a  func- 
tion both  of  pressure  and  of  temperature,  and  until  this  function  has 
been  determined  by  theory  and  experiment,  the  bearing  of  the  evalu- 
atiun  of  rigidity  by  tidal  action  cannot  be  ascertained. 

Having  shown  the  earth  to  be  a  solid  globe.  Lord  Kelvin  calculated 
ita  age  from  one  of  Fourier's  theorems,  Bssuming  for  purpoaea  of  com- 
putation an  initial  temperature  of  "000°  F.  {nearly  3WX)°  C.)  and  that 
the  thermal  diffusivityof  the  earth  is  that  of  average  ropk.  These 
assumptions,  with  the  observation  that  the  temperature  near  the 
surface  of  the  earth  increases  at  the  rate  of  1**  F.  for  every  50  feet 
of  depth,  lead  to  au  age  of  98,000,000  years;  but  on  account  of  the 
uncertainty  as  to  conducti\'itie.t  and  specific  licats  in  the  interior,  the 
conclusion  drawn  by  I^ird  Kelvin  was  only  that  the  lime  elapsed 
since  the  inception  of  co€>ling  is  between  20  and  400  million  years. 

Clarence  King  subsequently  took  a  further  important  st*p  on  the 
basis  of  data  determined  at  his  request  by  Professor  Carl  BaruK  on  (he 
volume  changes  which  take  place  in  diabase  during  congelation,  and 
on  the  effects  of  prciwure  in  modifying  the  melting  and  6olidif>-ing 
points.  Assuming  that  the  earth  can  never  have  had  a  crust  floating 
on  a  liciuid  layer  nf  infprior  den.sity,  computjttion  leads  him  to  24 
million  years  as  the  mMxinium  period  for  the  time  since  superiicial 
consolidation  was  effected,  provided  that  the  superflcial  temperature 
gradient  and  conductivity  are  cornictly  dctt^nnined. 

These  researches,  together  with  Helmholtz's  investigation  on  tbe 
(igo  of  tbe  solar  system,  which  is  incomplete  for  lack  of  knowledge  of 
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the  distribution  of  density  in  the  sun,  have  had  a  restrfuning  influence 
on  the  estjm&t«e  drawn  from  sedimentfttion  by  geologists.  Many  &nd 
perhaps  most  geologists  now  regard  something  less  than  100  million 
yoars  as  sufficient  for  the  devolopmeot  of  geological  phonomonn.  Yot 
the  subject  cannot  be  reigarded  hs  settled  until  our  knowledge  of  von> 
ductivilies  is  more  complete.  An  iron  nucleus,  for  example,  would 
imply  greater  conductivity  of  the  interior  and  a  higher  age  for  the 
earth  than  tbaf  computed  by  King,  though  probably  well  within  the 
range  explicitly  allowed  by  Lord  Kelvin  in  view  of  the  uncertainty 
of  tliia  datura. 

Tlie  reseatdMS  of  Kelvin  and  D&rwin,  supidementiDf  those  of  Kant 
and  others,  have  left  no  doubt  that  the  moon  was  formerly  closer  to 
the  earth  than  it  now  is,  and  that  the  rotation  of  the  latter  was  more 
rapid, invol ving  agre&terellipticityof  the  nteridian  than  it  now  shows, 
in  a  fluid  or  Cartesian  earth  the  change  of  fig\]re  might  have  pro- 
duced little  effect  on  the  Ntructure  of  the  planet.  If  the  earth  m  chiefly 
a  mass  of  cr^'Stalline  nickel  steel,  it  in  very  jiossible  that  such  a  change 
in  the  figure  of  equilibrium  might  rupture  it.  Suice  the  epoch  at  which 
the  earth  rotated  in  5  hours  30  minutes,  tlic  polar  axis  must  have 
Liiiongated  by  several  per  cent,  most  of  it  before  the  time  of  rotation 
PAS  reduced  to  1 1  hours.'  Were  the  earth  chiefly  composed  of  forged 
^eel,  such  elongation  might  be  produced  by  plastic  deformation; 
but  meteoric  iron  is  rather  comparable  with  east-imn,  or  better 
Btill.with  relatively  brittle,  unfnrged  cement  steel,  and  might  break. 

Now  it  is  on  indubitublo  fuct  that  a  majority  of  the  outlines  of  the 
<  £reat  oceanic  husin»  and  <if  the  chief  tectonic  lines  of  the  globe,  lio 
>neariy  on  great  circles  tangent  to  the  Arctic  Ocean  and  to  the  Ant- 
arctic continent,'  These  lines,  or  most  of  thorn,  are  of  extremely  high 
geolo^cal  age,  their  main  featnre.s  having  found  expression  as  early 
ostheoldest  known  fossils  and  in  some  cases  still  earlier.  It  appears  to 
me  very  possible  that  these  fundamental  ruptures  of  the  glote  were 
due  to  the  change  of  figure  attendant  upon  diminution  of  the  earth's 
period  of  rotation.  Their  s>'mmetrical  disposition  with  reference  to 
the  polar  axis  is  unquestionable,  fts  well  as  the  fact  that  they  pene- 
trate to  great  depths.  They  nuist  be  duo  to  some  tromendoug  force 
aeting  nxially,  which  actually  altered  the  ellipticity  of  the  meridian, 
since  these  fissures  could  not  liave  been  formed  without  modifying 

>  Compnn  Thorap«»n  luiil  Toit,  Nat.  Phil.,  f  771!,  wIiptv  Clin  rotntiaiinl  pniod 
uid  Mmntricity  sn  giv>pn  fnr  a  Htiid  nf  thp  mnm  o(  Uir  enrth  on^l  poKsnunng  iUt 
,  DieBn  density.  Wben  the  period  is  Sh,  SOid.,  this  table  gives  the  data  for  compiil- 
(rk  tliaL  tlie  polar  axit  1jii.h  a  li'iit^lli  t^c^ual  to  O.fIS  oF  tlii-  leiigtli  wliicli  It  liaa  viic-a 
Itic  prri<Hl  in  n  giidcmtl  diiy.  For  notation  in  lOli.  57ni,  llic  polar  axis  is  0.9^  Uinm 
tliAt  for  n  dny. 

'  In  1857  Professor  R.  Owen,  of  Tt'tim-iwce,  and.  ind(^p«ndeiitly,  Beajamia 
Pctrce,  called  utt«)i(ioii  to  the  toiiKcncv  of  the  «m»t-lineH  to  tlit?  polur  dpf Icb  (not 
to  tho  cDn*t-Unf4  of  the  arrtic  m>a  and  the  antarctic  continent),  rftoh  jittribtiting 
the  fftrtM  to  thi>  infiitence  of  th^  sun.  In  th*  first  Yearbook  of  tht  Camegio  Institu- 
tion I  failed  t«  reft^r  to  Lliesc  publicjitiaaa. 
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the  shape  of  the  globe,  aud  the  oiily  knonii  disturbance  ot  this  d&* 
scriptioa  18  the  change  of  figure  referred  to.  On  the  other  hand,  were 
the  earth  homogeneous,  such  ruptures  would  be  expected  to  have  as 
envelopee!  amall  circles  in  latitude  45°  instead  of  at  about  latitude 
70°.  But  siacd  the  earth  is  not  homogetieous,  this  diecordance  does 
not  invalidate  the  suggestion. 

Be  this  aa  it  may,  upheavals,  subsideneea,  and  attendant  contrac- 
tiwis  have  been  in  progress  tliroughout  the  whole  of  hiBtprical  geology, 
or  the  period  withla  which  fossils  afford  a  guide  to  the  succeanon  of 
strata.  The  so-called  contractional  theory  has  shown  itself  wholly 
iDndcr^UBte  to  account  for  the  amount  of  deformation  traceable  in  the 
rocks  of  the  globe,  Dor  has  the  extravasation  of  igneous  rock  been 
!4ufiirient  to  account  for  the  phenomena.  To  me  the  earth  appears  to 
\te  a  somewhat  imperfect  heat-engine  in  which  the  escape  of  thermal 
(•nergy  is  attended  by  the  conversion  of  a  part  of  the  supply  into  the 
vast  amount  of  molar  energy  manifested  in  the  upthruat  and  crump* 
ling  of  contincHta.  The  subject  will  probably  turn  out  to  be  access- 
ible mathematically  after  certain  experimental  determinations  have 
been  made,  and  I  shall  return  to  it  presently. 

Orogeny,  or  mountain-building,  is  a  mere  detail  of  the  more  general 
Hubject  of  upheaval  and  sul)«dence.  but  it  exhibita  problems  of  great 
complexity  both  from  the  pxperimental  and  from  the  theoretical 
points  of  view.  There  is  no  question  that  unit-.^triuns  arc  often  reached 
or  even  surpassed  in  contorted  strata  and  in  belts  of  slate,  but  the 
theories  of  elasticity  and  plasticity  as  yet  developed  are  inadequate 
to  deal  with  those  atraina  in  complex  cases.  An  inveelisalion  on  finite 
elastic  and  plastic  strain  is  now  under  way  in  my  laboratory'  and  has 
made  gratifying  progress  thus  far;  but  this  is  not  the  place  for  de- 
tailed results.  Homething  also  has  been  done  in  the  way  of  working 
out  homogeneous  Bnite  strains  in  rocks,  so  that  the  general  nature  of 
joints,  faults,  and  sj'stems  of  Bssures,  and  the  mechanism  of  faulting 
is  now  fairly  clear.  The  theory  of  slaty  cleavage  ia  a  subject  of  dispute 
in  which  I  have  taken  part.  Few  colleagues  appear  to  agree  with 
me  that  this  cleavage  is  due  to  weakening  of  cohesion  on  planes  of 
maximum  slide,  but  I  am  not  hopeless  that  my  view  will  make  its 
way  to  favor  in  time. 

Seismology  is  a  vRst  subject  by  itself,  but  one  almost  totally  lacking 
in  theoretical  foundation,  ^ismotogical  observationa  should  aflford 
the  means  of  exploring  the  elastic  properties  of  the  earth  tliroughoui 
its  interior,  but  the  theory  of  the  vibrations  of  a  spheroid  like  the 
earth  is  not  yet  worked  out.  Mwanliiiie  observations  are  being  accu- 
mulated, but  it  can  be  foreseen  that  these  will  contribute  little  toeluci- 
dation  until  they  include  the  vertical  coniponente  of  the  vibrations  ta 
well  as  the  horizontal  ones.  In  other  words,  we  must  know  the  anglo 
at  which  the  wave  emerges  from  the  surface,  as  well  as  its  asimuth. 
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The  causes  and  conditions  of  eartliquakee  afford  a  separate  topic  of 
great  interest.  That  some  of  them  are  of  volcanic  origin  is  evident; 
others  appear  to  be  due  U>  paroxysmal  faulting,  yet  there  ia  \*ery 
possibly  a  common  underlying  cause. 

On  no  subject  are  opinions  more  divergent  than  concerning  the 
origin  and  mechanism  of  volcanoes.    To  the  ancients  they  were  the 
mouthaof  the  river  Plilegethoti.  To  those  who  adhere  to  the  Cartceiun 
doctrine  they  are  cummuoicatioas  with  the  liquid  interior  of  theeorth. 
Moat  geoiogista  think  of  them  aa  connected  with  hypogeal  reservoirs 
of  melted  matter  subsisting  for  indelinitely  long  periods  of  time. 
Finally,  it  is  conceivable  that  the  lava  may  be  extruded  as  soon  as 
the  melted  mass  has  accumulated  in  euflicicnt  quantity,  somewhat  aa 
wutcr  may  break  through  an  obstructing  dam  after  its  depth  roaches 
a  certain  value.  The  continual  movements  of  the  rocks  show  that  they 
must  be  to  some  extent  in  a  state  of  elastic  strain,  so  that  a  given  cubic 
mile  of  rock  resists  .furmunding  pres.'fiire  in  virtue  both  of  its  rigidity 
and  of  its  compressibility.  If  thnt  cubic  mile  becomes  liquid,  it«  rigid- 
ity is  gone  and  the  change  of  shape  of  surrounding  masBBsmay  aid  in 
itA  expulsion.    Of  course  imprisoned  Riiaas,  especially  the  ''iuvonile 
watcra"  of  Prnfesttor  Sucsa,  may  also  play  a  very  important  part  in 
expulsion.  But  the  more  I  havo  studied  the  m.attcr,  the  less  probable 
it  seems  to  me  that  considerable  bodies  of  melted  Inva  eati  remain 
quiet  for  long  periods  of  time  in  the  deptlis  of  the  earth.   Tlic  influ- 
eoces  tending  to  their  expulsion  irould  seem  to  be  &t  a  maximum 
immediately  after  the  fusion  of  enough  material  to  supply  an  erup- 
tion. 

Relief  of  pressure  is  often  invoked  to  expliun  fusion  of  lava,  but  it  la 
not  a  wholly  satisfactory  cause,  if  a  deep  crack  were  to  form,  the 
rock  at  the  bottom  might  melt  indeed,  but,  as  the  crack  Glled,  the 
pressure  and  the  solidity  of  the  source  would  be  restored.  To  me, 
Mallet's  hypothesis  is  more  satisfactory,  so  far  as  the  explanation  of 
fusion  is  concerned.  Only  those  who  have  studied  the  minute  evi- 
dence of  mechanical  action  in  mountain  ranges  can  appreciate  the 
evidence  they  present  (if  stupendous  dissipation  of  energj-.  This  has 
not  indeed  been  enough  to  fuse  the  rocks,  but  it  is  hard  to  conceive 
that  it  is  always  insufficient  to  furnish  the  latent  beat  of  fusion  to 
rocks  already  close  to  their  melting-point  under  the  prevailing  press- 
ure. From  this  point  of  view,  volciiuism  is  a  feature  of  otogenic 
movement,  and  it  is  to  be  looked  for  where  relative  motions  are  con- 
eentrated  in  zones  so  narrow  that  the  local  disaipation  of  energy  is 
relatively  intense.  It  is  also  possible  that  percolating  waters,  by 
reducing  the  melting-points  of  rocks,  sometimes  bring  about  fuiuon 
without  change  of  temperature.  Such  an  hypothecs  might  fit  the 
volcanoes  of  the  Hawaiian  Islands,  where  there  is  no  known  faulting 
in  progress. 


6U 


GEOPHYSICS 


The  physics  of  magmati«  solutions  Ifi  a  great  subject  which  is  ex- 
perimetitAlly  almost  iititourhcd,  although  a.  vuflt  amount  of  geolo^cal 
speculation  hufl  l)een  biiscd  upon  Hssiimecl  properties  of  magmas.  It 
la  only  within  a  few  months  that  even  satisfactory  mclting-poiot 
detenoinatioits  of  those  most  important  rock-fonuiiiR  minerals,  the 
l!tD4-0Oda  fcldspnrs,  have  been  made.  The  feldspars  nre  only  one 
eenes  of  isomorphous  mineral  mixtures.  Their  study  is  fundamentoJ 
and  must  be  followed  by  that  of  the  remaining  cliiss.i. «.,  the  eutectics. 
These,  in  my  opinion,  will  lead  to  a  rational  classilic&tion  of  igneous 
rocks,  themselves  mixtures  and  incapable  of  logical  description  except 
in  terms  of  standard  mbctur^,  the  eutectics. 

It  appears  to  mo  highly  probftble,  for  many  reasons,  that  Uie  mag- 
mas of  the  granular  rocks  arc  not  liquids  but  etJEF  emulsions,  compar- 
able with  modeling-clay,  the  solid  constituents  ^perhaps  free  oxides) 
being  merely  moistened  with  magmatic  liquids.  Such  masses  behai'C 
mechanically  like  soft  solids;  they  display  some  rigidity  and  in  them 
diffusion  is  reduced  to  a  vanishing  quantity.  They  may  be  ruptured 
and  the  (apUtic  or  pegmatitic)  liquid  portion  may  then  seep  into  the 
crack)).  Such  a  magma  might  be  forced  into  minute  fissures,  as  is  the 
case  when  cla.y  is  moulded  to  torra-cotta  articles,  and  yet  it  would 
support  permanently,  on  its  upper  surface,  rocka  of  superior  density. 
Only  in  such  a  magma  can  I  comprehend  the  simultaneous  growth  of 
crytttals  of  various  minerals;  for  in  a  liquid  not  exactly  eutevUc,  the 
formation  of  cr>-fitals  must  follow  a  dc&nitc  order.  Again,  if  b&ndcd 
gneisses  and  gabbros  had  been  fluid,  the  bands  would  show  c\'iHcnoe» 
of  difTuEJon  which  as  a  rule  are  absent  or  barely  traceable  in  these 
rocks. 

The  relations  between  con-sanguineous  mas.'ave  rocks  have  occupier/ 
a  large  part  of  the  attention  of  geologists  for  many  years.  At  one 
time  it  was  supposed  tbut  homngencous  liquid  magmas  might  split  up 
into  two  or  more  homogeneous  magmaa  by  processes  of  molecular  Sow 
due  to  differences  of  osmotic  pressure.  This  process  was  called  the 
differentiation  of  magmas.  It  has  been  shown,  however,  that  these 
procewes  are  so  much  slower  even  than  heat-diffusion,  that  tbey  can- 
not be  efficient  beyond  distances  of  a  few  centimeters.  For  this  reafloo 
Mr.  Teall,'  who  first  suggested  the  application  of  the  Soret  proeeas 
to  account  for  differentiation,  I^rofessor  Brdgger,'  and  others,  have 
abandoned  the  hypothesis  of  differentiation  on  a  considerable  «ale 
by  molecular  flow.  Nevertheless,  observations  on  laccolitcs  and  other 
occurrences  leave  no  doubt  that  a  single  magma  may  solidify  to  differ- 
ent though  consanguineous  rocks,  If  the  separation  is  not  molecular, 
it  is  se)f-e\ident  that  it  must  be  molar.  The  only  molar  currents 
readily  conceivable  in  a  body  of  magma  are  convection  currents,  and 

'  f^orKciiiniiii,  Gtoleyiml  Sonrl'j.  !_,andoii.  vol.  57,  IftOl.  p.  Ixxxv. 
*  Eruplivy<s(Uj>e  der  KrislvmiagtbietiM,  part  HI,  p.  339 
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these,  or  even  an  equivalcut  mechanical  etirriug.  would  necessarily 
lead  lo  fractional  crystalliiation,  a  familiar  process  known  even  to 
the  pupils  of  Ariatotle,  and  which  is  almost  unavoidable  when  mixed 
solutions  solidify.  This  process  is  one  of  precipitation,  and  is  abso- 
lutely distinct  from  the  differentiation  (or,  more  properly,  negrega- 
lion)  of  rcick  majrmiu^  in  which  a  Kingle  liquid  is  supposed  to  »eparate 
iaio  two  or  more  distinct  liquids.  The  general  conditions  of  the  order 
of  precipitation  during  fractional  rryM.al1izution  in  uccordunce  witli 
tbc  phoae  rule  are  by  no  means  beyond  tlic  reach  of  discussion,  and 
the  nbk  investigations  of  Messrs.  J.  U.  L.  Vogt  and  J.  Morozcwizc 
have  a  direct  bearing  on  this  subject. 

A  mystery  which  will  assume  greater  importance  as  the  accessible 
supply  of  coal  diminishes  is  the  origin  of  petroleum.  There  is  much  to 
be  said  in  favor  of  the  unpopular  hypothesis  of  Mendeloef,  supported 
by  experiments  on  cast-iron,  thu.t  liquid  hydrocarbons  arc  duo  to  the 
decomposition,  of  the  iron  carbides  of  the  terrestrial  nucleus.  Such 
vast  accumulations  of  oil  as  exist  on  the  Caspian  and  in  the  Caucasus 
seem  incompatible  with  the  hypothesis  of  animal  or  vegetable  origin, 
although  oils  belonging  to  the  same  series  as  do  the  petroleums  have 
been  produced  in  the  laboratory  from  organic  materials.  On  the  other 
hand,  some  meteorites  contain  hydrocarbons  (which  may  themselves 
be  due  to  the  alteration  of  iron  carbides),  and  there  are  geolo^sts  who 
infer  that  the  petroleum  may  be  derived  from  the  masa  of  the  earth 
itself. '  If  the  ori^  of  the  oil  is  not  animal  or  vegetable,  the  supply  is 
very  likely  inexhaustible.  More  extended  study  of  the  connection 
between  volcanic  phenomena  and  the  oripn  of  asphaJtic  and  other 
hydrocarbons  is  a  desideratum. 

Ore-deposita  themselves  form  the  branch  of  geology  which  was  ear- 
liefit  cultivated  and  which  will  never  lose  its  interest  so  long  as  man- 
kind remains  gainful.  Yet  much  remains  to  be  done  by  experuuent 
for  the  theon,"  and  practice  of  mining- geology.  The  mechanism  of  the 
aecondar>-  enrichment  of  ores,  particularly  those  of  copper,  detected 
by  Mr.  S.  F.  Emmons  and  enlarged  upon  by  Mr.  W.  H.  Weed,  is  be- 
ing studied  experimentally  in  the  laboratories  of  the  U.  S.  Geological 
Survey.  A  feature  deserving  careful  experimental  study  is  the  osmotic 
separation  of  ores  from  their  solutions  by  the  wall-rock.  Many  rainu- 
tis  of  occurrence  suggested  that  the  walls  of  veins  often  act  as  a  species 
of  diaphragm  or  molecular  filter  and  have  adialytic  action  on  the  ore 
solutions.'  The  origin  of  the  ores  themselves  is  still  ver>-  obscure  and 
will  hardly  be  elucidated  until  more  is  known  of  the  earth's  interior. 
Sometimes  they  seem  to  bo  derived  from  adjacent  rocks;  in  other 
cases  conditions  suggest  that  the  rocks  and  the  veins  derive  their 


<  Sm  n.  L.  R.  Fairchild,  BulUtin  of  (Ac  Geological  Sodetjf  o}  Amtriea,  yoL  xr, 
1904.  p.  253, 

'  Uinerai  lUwunxt  of  tJu  V.  S.  for  1862,  p.  150. 
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metallic  content  from  a  commoD  deep-seated  aource.  Here,  as  in 
several  otlier  cooncctiona,  Professor  Sueas's  tlieoz^  of  "  juvenile 
waters  "  is  very  suggestive.  It  ie  generally  bdd  that  many  of  the 
great  iron  deposits  are  due  to  magmatio  separation.  Depoeition  of 
lead  orvit  by  rpplao^tnent  of  calcite  is  a  known  process,  but  takes 
place  under  unknown  cQiiditionH.  In  some  cases  replacement  of  rock 
by  ores  appears  to  me  to  be  alleged  without  sufficient  proof.  Pseudo- 
morphoBti  is  the  only  odequuti'  test  uf  rcplaceEOient. 

Krosion  appears  to  be  a  subject  w-hich  is  capable  of  more  exact 
treatment  than  it  has  received.  Weathering  and  abrasion  [wooeed 
with  a  rapidity  which  increasee  with  the  surface  exposed  per  unit  of 
volume.'  Ilenee  these  processes  lead  to  minimum  surfaces.  Therefore 
also  the  mathematics  of  eronon  is  eKsentiiilly  identical  with  that  of 
capillarity. 

Geolo^cal  climates  are  ae  tnteresting  to  astrophysicists  as  to 
meteorologistB  and  geoph>-8ici£t&.  Messrs.  Longloy  and  Abbot  ap- 
pear to  have  evidences  of  recent  variations  in  solar  emanation.  If 
these  have  been  considorsble  in  the  coUTse  of  the  period  of  historical 
geology,  light  should  be  thrown  upon  them  by  the  paleontology  of 
the  tropica.  Variations  in  the  composition  of  the  atmosphere  must 
have  been  very  influential  in  determining  both  the  mean  temper- 
ature of  the  earth's  surface  and  the  distribution  of  temperature;  but 
BO  also  is  the  distribution  of  water.  No  thoorj'  of  the  glacial  period 
seems  generally  accepted.  CroU's  theory  is  discredited.  I  ha\'e 
shown  to  my  own  satisfaction  that  the  astronomical  conditions  nMWt 
favorable  to  glaciation  are  high  obliquity  and  low  eccentricity  of 
the  earth's  orbit,*  but  cannot  claim  any  exten^ve  following.  If 
I  am  right,  it  should  be  possible  to  obtain  a  definite  measure  of  geo- 
logical time  in  years  as  soon  as  ihe  astronomers  have  completed  the 
theory  of  secular  variati:i)nB  in  the  planetary  system  so  far  as  to  be 
able  to  assign  the  lapse  of  time  between  successive  recurrences  of 
low  eccentricity  and  high  obliquity. 

A  most  interesting  observation,  which  promises  much  light  on  the 
past  history  of  the  globe,  is  that  lavas  and  strata  indurated  by  lavas 
ntain  the  polarity  charflcteristic  of  the  locality  in  wliich  they  cooled,' 
The  time  may  come  when  this  will  lead  to  determinations  of  the  rela- 
tive age  of  lavas,  the  duration  of  periods  of  eruption,  and  posably 
even  absolute  determinations  of  date. 

Geologyhaslong,  and  with  some  justice, labored  under  the  reproach 
of  inexactitude.  As  has  been  illustrated  in  the  preceding  pages,  tlw 
science  is  still  in  the  qualitative  stage,  and  almost  wholly  lacks  the 
precision  of  astronomy.   Even  its  most  ardent  students  have  wldocD 

'  U.  S.  Otologwal  SunxTf,  mon.  xm.  188S,  p.  66. 

'  Ameriejin  Jounud  o}  ^rinn^t,  vel.  UTTO   ISM,  p.  95. 

>  BninhM  And  D&vi<l,  Con^pUt  RMdm,  vol.  133,  1001,  p.  l&S. 
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•acceeded  in  ascertaioing  th«  quantitative  relations  tetween  effects 
and  operative  causes,  and  have  been  perforce  content  to  indicate 
tendencies.  Thus  geological  doctrine  is  far  too  much  a  matter  of  opin- 
ion, but  thia  is  hardly  the  fault  of  the  areal  geologist.  The  country 
must  be  mapped  both  foreconomic  reasniiBand  to  accumulate  a  know- 
ledge of  the  facta  to  be  explained.  Wurking  hypotheses  the  Held  geo- 
logist must  have,  or  he  could  not  prepare  liis  map;  and  he  is  only 
responsible  for  living  up  to  the  standard  of  knowledge  of  his  time. 
He  is  continually  face  to  face  with  phenomena  for  which  physics 
and  chemistry  should  account,  though  they  have  not  yet  done  so,  and 
must  accept  seeming  probabilities  where  certainty  is  unattainable. 
So,  too,  Kepler's  predecessors  recorded  facts  and  guessed  at  gener^- 
ixationa  as  best  they  might. 

The  physics  of  extreme  conditions  still  awaits  satisfactory  explora- 
Uon.  The  geologist  turns  to  the  physicist  for  help,  and  in  moat  cases 
meeta  with  the  reply;  We  cannot  tell.  Astrophysics  is  in  much  the 
same  situiition.  Astronomers  know  as  little  of  the  distribution  of 
density  in  the  stars  or  planets  as  do  geologists.  Real  knowledge  of  the 
physics  and  chemistry  of  high  temperatures  would  be  as  welcome  to 
tbem  OS  to  us.  After  all,  physical  geology  is  the  astrophysics  of  this, 
the  only  accessible  planet.  Geodesy,  too,  and  terrestrial  magnetism 
are  waiting  for  the  solution  of  geophysical  problenus.  How  much  might 
be  done.  Lord  Kelvin  and  Mr.  George  H.  Darwin  have  shown;  but 
there  arc  many  problems  too  broad  and  too  laborious  to  be  solved  by 
individual  effort,  and  these  are  as  essential  to  the  rounding-out  of  the 
science  of  physics  as  they  are  to  the  development  of  geology  and 
astrophysics. 

In  the  brief  review  which  precedes,  I  have  endeavored  to  show  that 
the  history  of  the  earth  briatles  with  problems,  few  of  them  com- 
pletely solved,  though  in  many  cases  wo  have  some  inkling  of  the  solu- 
tion. This  sketch  has  been  drawn  for  the  purpose  of  considering  the 
Btrateg}'  of  a  campaign  against  the  series  of  well-tntreQched  positions 
occupied  by  our  great  enemy,  the  unknown. 

Generalizing  the  results  of  the  sketch  presented,  it  is  easy  to  see 
that  nearly  all  the  problems  suggested  involve  investigation  of  the  pro- 
perties of  solids,  or  of  liquids,  or  of  tlie  transition  from  one  phase  to 
the  other.  It  is  the  business  of  the  experimental  physicist  to  establish 
linear  relations;  it  is  the  occupation  of  the  mathematical  physicist  to 
draw  logical  inferences  from  these  relations.  Each  will  have  plenty 
to  do  in  a  methodical  study  of  geophysics. 

There  can  be  no  doubt  that  the  character  of  the  earth's  interior 
and  the  physical  taws  which  there  prevail  constitute  the  moat 
fimdamental  object  of  geological  and  geophysical  research,  while 
the  results  of  successful  investigation  would  be  immediately  appli- 
cable at  least  to  the  moon  and  Mars.  Xo  qdC  questions  that  enormous 
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pressures  and  very  high  temperatiirca  exist  near  the  earth's  centre, 
while  the  quality  of  matter  which  constitutes  the  interior  cannot 
be  satisfactorily  determined  until  we  know  honr  substances  would 
behave  under  extreme  pressures  and  at  ten]j>eratures  approaching 
2000"  C-  There  is  every  reason  to  suppnae  that  under  purely  cubical 
compression,  dense,  undcfornied  solids  urc  purfvctty  elastic.  Hence 
the  buHul  problem  of  geophysics  is  to  find  the  law  of  elastic  compressi- 
bility. This  cannot  be  accomplished  by  direct  means,  but  the  task  is, 
nevertheless,  as  pointed  out  above,  not  n  hopeless  one,  and  has  been 
taken  in  hand.  Should  success  be  achieved,  researches  will  follow  on 
the  variation  of  elasticity  with  temperature.  This  feature  of  the 
investigation  will  present  very  great  experimental  and  theoretical 
dil!icufties,  but  there  is  no  good  reason  bo  despair  of  success. 

When  the  law  of  reastonce  of  solid  bodies  becomes  known  as  a 
function  of  both  temperature  and  pressure,  even  for  isotropic  sub- 
stances with  only  two  moduiusos  of  elasticity,  the  way  will  be  opened 
to  various  important  investigations,  largely  mathemulical  in  char- 
acter. It  is  true  that  tlioroughly  isotropic  bodies  are  seldom  met 
with,  yet  geological  masses  must,  nevertheless,  often  approach  closely 
to  this  ideal.  Many  of  the  most  important  rocks  are  chicQy  com- 
posed of  triclinio  feldspars,  which,  indeed,  occur  about  as  abundantly 
ae  all  other  minerals  found  at  the  surface  of  the  earth  put  t«^ether. 
A  tricllnic  feldspar  crystal  rejoices  in  the  full  possible  number  of 
elastic  moduluscs,  21.  Yet  a  large  spherical  mass  of  small,  fortui- 
tously oriented  feldspars  will  behave  to  external  forces  of  given  in- 
tensity and  direction  in  the  same  way  no  matter  how  the  sphere  may 
be  turned  about  its  centre,  and  it  will,  therefore,  act  as  an  isotropic 
body.  Tliifi  fact  is  enough  to  show  that  an  infinite  variety  of  intimate 
molecular  structures  are  compatible  with  molar  isotropy. 

Thus  a  knowledge  of  isotropic  elasticity  will  suQice  as  a  basis  for 
teeting  reasonable  hypotheses  of  the  constitution  of  the  earth's 
interior,  taking  into  account  its  known  rigidity  and  density.  Still 
greater  light  can  be  thromi  on  this  subject  by  including  in  the  inves- 
tigation the  moon  and  Man:;  for  their  masses  and  dimensions  are 
known,  and  there  seeniH  evcr^'  probability  that  they  are  composed 
of  the  same  materials  as  the  earth,  though  in  different  proportions. 
If  a  given  hyiiotticsis  as  to  the  chief  constituents  satisGee  the  known 
conditions  of  all  throe  planets,  it  will  doubtless  find  acceptance. 
Such  a  result  would  open  the  way  to  fresh  advances  in  geodesy  antl 
tcrrestriftl  magnetism,  and  cast  backward  through  the  vista  of  time 
a  ray  of  light  on  the  nebular  hypothesis. 

Again,  when  the  law  of  elasticity  and  the  approximate  constitutioc 
of  the  glolxr  are  known,  it  will  be  powible  t-o  work  out  a  satisfactory 
theor>'  of  the  simpler  modes  of  vibration  in  a  torrcstrial  sphere,  and 
then  scismologicat  obser\'atioDS  can  be  applied  to  determining  more 
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preciwly  the  intriiiBic  elastic  modu)u»es  of  the  earth  along  the  paths 
ctf  earthquake-waves. 

It  «nll  also  be  practicable  to  examine  critically  the  possible  nip-' 
ture  oE  the  globe  as  a  consequence  of  chan^  of  fi^re  and  to  study 
intelliBently  the  simpler  cases  of  the  crumplinK  of  strata,  fieauring, 
and  other  problems  in  the  mechanics  of  orogeny. 

The  science  of  elasticity  has  had  a  very  disappointing  hiatory. 
Simple  as  is  the  assumption  ut  Imsw,  nc  vis,  the  attempt  to  solve 
evcD  such  seemingly  elementary  problems  as  the  flexure  of  a  uni- 
formly loaded  rectanfcul'"'  bar  leads  to  innoluble  equations;  so  that 
the  science  has  been  relatively  unfruitful.  H  remaina  to  be  seea 
whether  a  truer  relation  between  load  find  strain  will  not  simplify 
formulas  and  increase  the  applicability  of  al^ebrn.  to  concrete  cases. 

From  an  astrophysical  point  of  view  the  dialytic  action  of  mineral 
septa  is  unimportant,  but  It  is  very  interesting  in  Us  bearing  oa 
metamorphism  and  ore  deposition,  and  may  readily  contribute  to 
economic  technology. 

The  relations  of  viscosity  to  the  diffusion  of  matter  have  not  yet 
t»©en  elucidated,  oven  for  ordinary  temporaturea.  This  subject  is  one 
of  much  importance  in  connection  with  the  genesis  of  rock  species, 
and  of  course  it  should  be  studied  at  10°  before  undertaking  rescarcbea 
at  lOOO*. 

High  temperature  work  ie  eseential  even  to  the  in vee ligation  of  the 
elaptlc  problem,  and  it  is  almost  a  virgin  field.  Even  thermometry  is 
i>'ery  imperfect  above  the  melting-point  of  gold,  though  it  is  destined 
soon  to  become  exact  at  least  us  high  as  2000^,  a  range  which  will 
probably  suffice  for  geophyaica.  But  we  are  also  in  almost  total 
ignorance  of  the  extent  to  which  the  la^vs  of  physics,  studied  at 
ordinary  temperatures,  prevail  at  1000  or  2000  degrees.  One  of  the 
leas  difficult  problems  of  this  group  is  that  of  tlicnaal  conductivity 
and  specitic  heat  of  solid  bodies  at  high  temperatures.  For  the 
principal  metalR  this  is  already  known  as  far  as  100",  but  not  for 
rocks  or  minerals.  It  would  be  e(i|>ecially  desirable  to  have  such, 
determinations  for  granite,  basalt,  and  andesitc,the  last  ropreaenting 
th«  average  composition  of  the  accessible  part  of  the  lithosphcrc. 

It  eeems  to  me  that  when  the  thermal  diffusivities  are  known  for 
thesft  rocks,  over  a  range  of  a  thousand  degrees,  the  question  of 
upheaval  and  subsidence  can  be  attacked  with  a  good  prospect  of 
success.  A  cooling  sphere  is  conceivable  in  which  the  distribution 
of  thermal  difTusivity  is  such  that  the  flow  of  heat  would  be  "  steady," 
in  Fourier's  sense,  and  thus  accompanied  by  no  sujjerfirial  deforma- 
lion.  With  any  other  distribution  of  diffuaivittes,  deformation  would 
occur,  and  the  globe  would  act  as  an  imperfect  heat-ongine,  the  work 
done  being  that  of  upheaval  or  subeidenee.  Now  when  the  assuredly 
variable  value  of  diRusivity  for  the  materials  of  the  globe  is  known, 
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the  mnthcmaticol  conditrions  for  steady  ilow  can  be  wCffkcd  out,  and 
if  thei-c  arc  not  consistcDt  with  tbo  fucts  of  the  globe,  ft  vera  cauia 
for  uphcftval  will  huvo  been  found,  which  may  lend  to  further  and 
more  (icttiiieci  conclusionB.  It  should  also  either  elucidiite  or  simplify 
the  subject  of  the  fuirion  of  tnagmaR  and  their  eruptive  expulstion. 

The  data  for  constitution  and  thermal  (Ji(Tu»ivity  will  reudJIy 
be  npplirable  to  the  problem  of  the  earth's  age  and  will  yield  a  cor- 
rected value  of  the  probable  lapse  of  time  since  the  initiation  of  the 
consietcniior  ttatus  of  the  Protogjea. 

The  most  difficult  field  in  geophysici?  is  the  study  of  solutions  at 
high  tcmpcrntureB.  This  is  litrgely  because  both  methods  and  appara- 
tus require  to  be  invented.  When  work  of  this  kind  was  undertaken 
in  the  laboratory  of  the  Geological  Survey,  three  years  since,  no 
furnace  existed  in  which  pure  anorthite  could  be  melted  and  a  trust- 
vorthy  determination  of  the  temperature  of  fusion  made.  For  the 
etudy  of  ftqueo-ipicous  fusion,  which  must,  of  course,  be  pcrforroed 
at  conaidcrablc  pressures,  extremely  elaborate  preparation  is  neces- 
sary ;  indeed ,  all  attempts  hitherto  made  in  this  direction  have  been 
only  Yery  partially  successful. 

Were  it  not  that  the  number  of  important  rock-forming  minerals 
is  small,  the  study  of  igneous  solutions  for  geophysical  purposes 
would  be  an  almost  hopeless  taek.  The  feldspars,  the  pyroxenes,  the 
amphibules,  and  the  micas  appear  to  form  jsomorphous  series,  and_ 
must  be  studied  as  such.  They,  with  quartz,  make  up  nearly  93  per- 
cent of  the  igneous  rocks,  upplit?line,  olivine,  leucite,  apatite,  magne- 
tite, and  titimiuni  mhieralt*  substantially  completing  the  liat  whict-i 
enter  into  these  rocks  in  sensible  proportions.    After  the  molting—  ■ 
points  of  the  minerals  have  been  determined  and  their  isomorphism 
has  been  t:tudled,  the  most  important  research  to  be  imdertakcn  12 
that  on  their  euteetic  mixtures.  Other  features,  however,  mustreceivg 
attention .  such  as  their  latent  heat,  ionization,  viscosity,  and  diffusiv- 
ity.    Immensely  interesting  will  he  the  study  of  meltn  into  whicb 
hydroxy!  enters  as  a  component  and  which  may  turn  out  to  t» 
emulsions  rather  than  solutions.    Such  researches  will  ctuistitiilc  a 
most  Bubat-antial  addition  to  physical  science,  and,  as  pointed  out 
above,  offer  a  good  prospect  for  the  rational  classification  of  rocks- 
Enough  has  been  said  to  Nhow  how  closely  geophj'sical  resca/ches 
interlock.    Researc-hea  at  high  temperatures  mitst  accompany  inves- 
tigations at  common  tcmiwniturcK,  physirx  must  be  supplemented 
by  physical  chemistry,  mathematical  ability  of  the  lughest  order 
must  be  called  upon  at  every  step  to  elucidate  ditlicultiee  and  to  draw 
inferences  capable  of  being  again  submitted  to  inquiry,  and  sodw 
geological   knowledge,  too,  ia  requisite  to  appreciate  the  bearing 
of  results  and  to  indicate  the  questions  of  importance.    No  human 
being  ha£  the  length  of  days,  the  strength,  the  skill,  or  the  knowledge 
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needful  to  undertake,  without  belp,  the  investigation  of  geophysics 
as  a  whole.  Only  a  few  of  the  topics  touched  upon  in  the  earlier 
pages  of  this  essay  are  independent  of  cooperation;  for  instance,  the 
aatronomioal  condition5  favorable  to  glaciation,  and  perhaps  the 
application  of  the  mathematics  of  capillarity  to  the  problem  of  ero- 
sioQ.  On  the  other  hand,  the  list  of  geophysical  probJems  requiring 
cooperation  could  be  almost  inijefljutely  extended  even  now,  and  will 
be  supplemented  when  tlie  most  pressing  questions  approach  their 
answers. 

Organization  increaflee  efficiency  in  scientific  work  as  much  as  in 
technical  pursuits,  though  it  has  seldom  been  attempted.  lastancea 
in  point  are  the  U.  S.  Geological  Survey,  the  Reichsanstalt  and 
astrononiica]  surveys  of  the  aky.  Geophysics,  then,  is  too  diificult  a 
subject  tu  be  deutt  with  excepting  by  a  well-organized  RtafT,  working 
on  &  definite  plan  resembling  that  indicated  above.  The  tastes  iind 
convenience  of  individuals  must  give  way  to  the  methodical  advance- 
ment of  knowledge  along  such  lines  that  tite  work  of  each  inveeti- 
gator  shall  be  of  the  utmost  assistance  to  the  progress  of  the  rest. 

Work  in  geophysics  is  already  in  progress  in  this  country,  thanks 
lO  the  appreriative  sympathy  of  Director  WaJcott  of  the  Geological 
Survey,  and  the  liberality  of  the  Carnegie  Institution,  by  members  of 
my  staff  and  in  port  under  my  direction.  Messrs.  A.  L.  Day  and  E.  T. 
Allen  have  mude  an  excellent  series  of  detenninutions  of  the  melting- 
points  of  the  triclinic  feldspars  and  studied  their  other  thermid 
properties.  Thoy  arc  now  preparing  to  make  experiments  in  aqueo- 
igneoiis  fusion.  Mr.  C.  E.  Van  Orstrand  has  made  a  novel  application 
of  the  theory  of  functions  to  elastic  problems,  and  has  reduced 
several  series  of  important  observations  on  elastic  strains  for  com* 
parison  with  theory.  Dr.  J.  R.  Benton  is  occupied  In  experimental 
iDveetigation  of  elastic  strains  in  varioui^  substances.  The  men 
engaged  in  these  researches  are  able  and  devoted  to  their  work,  but 
they  are  too  few  in  number,  and  they  are  required  to  make  deter- 
minations of  the  most  delicate  character  in  an  ofitcc-building  stand- 
ing in  the  busiest  portion  of  Washington,  where  the  waits  are  in 
a  state  of  incessant  tremor,  and  where  there  is  no  suggestion  of  uni- 
formity of  temperature.  Under  such  circumataacee  the  results  of 
obaerv&tion  cannot  be  of  the  most  refined  character,  and  must  be 
obtained  ot  great  expense  of  time  and  effort. 

Most  ol  the  great  physicists  of  Lbe  world  have  expressed  their 
interest  in  geophysics  and  their  belief  that  the  time  is  ripe  for  its 
investigation.  Geologists  are  eager  for  its  results,  but  no  govern- 
ment can  undertake  iovestigations  so  remote  from  industry  as  this. 
I  do  not  think  I  can  more  fitly  conclude  this  paper  than  by  quoting 
a  resolution  introduced  by  Mr.  S.  F.  Kmmons  at  Vienna  a  year  ago. 
It  was  passed  by  acclamation  by  the  Geological  Congreas,  after  a 
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ling^  speech  by  Professor  Sueas,  and  it  expresBes  niy  owd  vievs 
most  accurately. 

EmmcTii'a  ReBolutim 

"It  is  6  wcIt-Jtoowc  fact  that  many  of  the  fundnmcntiU  problcnw 
of  geology,  for  example  those  concerning  uplift  and  sub^denoe, 
mouDtuu-making,  vulcanology,  the  deformation  and  metamorphism 
of  rocks  and  thn  genesis  of  one-deposits,  cannot  be  discusaed  satis- 
factorily becuuBe  of  the  insufficiency  of  chemical  and  physical  investi- 
gations  directed  to  their  solution.  Thus,  the  theory  of  large  str^os, 
either  in.  wholly  clastic  or  in  plastic  bodice,  has  never  been  elucidat«d; 
while  both  chemistry  and  physics  at  temperaturea  above  a  red  heat 
are  almost  virgin  fields. 

"Not  only  geology,  but  pure  physics,  chemistry,  and  astronomy, 
wouJd  grentiy  benefit  by  successful  researches  in  these  directions. 
Such  researches,  however>  are  of  extreme  difficulty.  They  would 
require  great  and  long-sustained  expenditure,  as  well  as  the  org&nixed. 
cooperation  of  a  corps  of  investigators.  No  existing  university  eeems 
Co  be  in  a  position  to  prosecute  such  researches  on  an  adequate  ecale. 

"It  is,  therefore,  in  the  judgment  of  the  Council  of  the  Congr^j 
Gtologique  Internatioual,  a  matter  of  the  utmost  importance  to  the 
entire  scientific  world  that  some  institution  should  found  a  well- 
equipj^ed  eeophyeicfll  Iflboratory  for  the  study  of  problems  of  geologr 
iavolviug  further  reetarcltes  in  chemistry  and  physics." 


SECTION  B  — GEOLOGY 


SECTION  B— GEOLOGY 


(^afi  14,  SopUmbtT  21.  3  p.  m.) 

kit:  PKonsBOR  T.  C  Cmaubbhun,  Uoiversity  oF  diicaeo 
8n*XBB:  PxsBuiENT  CuAJUJH  R.  Vau  Ilisfi.  Uuivoiaitv  of  'i\  uoooeiD. 
Sbcrstabt:  PnorBsson  K.  D.  ^ALiesunr,  Uoivurnt;  of  Chicago. 


THE  PROBLEMS  OF  GEOLOGY 

BY   CHARLES   BICHARD    VAN   HI5B 

[Cliftflea  Rlchud  Van  Hise.  President  of  llie  Uiiivproitv  of  Wisconsin,  b.  SUv  29 

1857,  Fulton,  Wisconsin.     BM.E-  Wiseonain.  l«T9;    B.S.  1880;    M.8,   1883; 

Ph.D.  1892;  LL.D.Chicfigo.  1U03;  LLD.  YaJ",  lfl04.  Professor  of  Metallurgy, 

University  of  Wisconsin,  I886-S8;  I^fensorof  MiDeraloffy  and  PctroloRy.iMil. 

18S»-!K);    ProfiMsor  of  Geology.  Aid.  1892-1803.    GeoItwiBt  in  cliiu^.  fjiltB 

|8up«rior  Diviaion,  U.  8.  GKologicti!  Survey,  ISSS-litOO,  Diviaion  of  pre^am- 

'*"n»i»  and  Wctnmovpliic  Geology  since    1900;    President  of  Commissioners. 

iriaoaiifltD  Geological  and  Natural  Hielory  Survey,  eince  1903:   Pn-aiil<'»t  of 

rtopain  Academy  oi  Sciuict;,  Aj-u.  und  L«ttcRi,  1893-96.    Mi^tiihrr  of  No- 

anal  Acodeniy  of  Scieiicee;  Washin^ttm  Academy  nf  Soicnc<r»;  Kcipiititic  Bo- 

t^vty,  Chriftiiinin.;  Royal  Society  of  tiwcdi^a;  bthstonSoniii'iyof  Muturui  UiattTy; 

^Seoloricsl  Society  of  America.  Author  of  laaay  pupers  imd  boolu  on  geol>:ig- 

leal  (ubjrcti.) 

The  subject  "The  Problems  of  Geology"  was  aaaigned  to  me.  X 
should  not  have  ventured  to  select  eo  foruudable  a  topic  for  a  brief 
address. 

Reiationa  of  Ike  Sciences 

We  are  all  aware  ttiat  geology  \»  a  many-sided  Hubject.  While  at  the 
outset  it  was  a  simple  observational  study,  it  soon  developed  physical, 
chemical,  aEtronomical.  and  biological  aides.  The  importance  of  theae 
different  sides  has  continuously  increaacd,  eo  that  we  now  often  spe&tc 
of  physical  geology,  chemical  geology,  astronomical  geology,  and  bio- 
logical geology. 

To  appreciate  the  position  of  geology  among  the  sciences  it  is  neces- 
sary to  go  bark  to  fundamenlal  definitions.  Natural  plilloAophy  in  the 
old  and  broad  sense  may  be  defined  nn  the  science  which  treats  of 
energy  and  matter.  But  investigations  have  shown  that  the  ether  also 
must  be  considered,  and  hcnco  this  dc6nitioQ  needs  modification. 
Some  physicists  have  been  inclined  to  extend  the  .tcope  of  the  term 
"matter"  to  include  matter  in  the  ohi  cense,  and  also  ether.  But  it 
seems  to  me  that  until  the  two,  which  appear  to  be  so  different,  are 
shown  to  be  essentially  one,  it  is  better  to  uae  the  terra  "matter" 
strictly  in  its  old  sense.    But  it  is  advisable  to  have  a  term  which 
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shall  include  both  mntterand  ether,  and  for  this  place  the  word  "s\x\^ 
stance"  seems  suitable.'  Using  the  term  in  this  sense,  naturul  phil 
sophy  may  be  defined  as  the  science  which  treats  of  energy  and 
substance. 

Physics  is  the  science  which  treats  primarily  of  encr^- ;  chemistry 
is  the  science  which  treats  primarily  of  matter.  Thus  physics  con- 
eiders  maiiily  the  a(;tIoQ8  nud  trflnsfonnatioiis  of  energy  through 
matter  and  ether;  and  chemistry  coDBiders  mainly  the  actions  and 
transformatioos  of  matter  through  energy.  But  wnce  energy  ta  mani- 
fest to  the  aensee  only  tlirough  matter,  and  since  matter  does  not 
exist  without  manifestations  of  energy,  the  relatione  of  the  two  sci- 
eaees  are  ver>-  intimate.  Id  any  book  upon  either  subject  the  treat- 
ment constantly  passes  over  to  the  other;  indeed,  energy  and  matter 
are  inseparable, — one  cannot  be  considered  without  the  other. 
Recently  the  relations  between  physics  and  chemistry  have  become 
even  closer  by  the  rise  of  the  intermediate  science,  physical  chcm- 
ialry.  This  science  completely  bridges  the  gap  between  the  two  and 
unites  them  as  a  whole  into  the  conjoint  science  of  phy^cs-chemistry, 
whichis  the  apienceof  energy  and  substance.  As  thus  defined,  phyaes- 
ehemislry  becomes  a  synonym  of  natural  pliilosuphy  in  its  broad 
sense. 

While  physics  and  chemistry  arc  really  a  single  science,  it  is  to 
be  repeated  that  the  chi(^  point  of  view  of  piiyaca  proper  is  that 
of  energy, and  the  chief  point  of  view  of  chemistry  proper  is  that  of 
matter.  This  will  be  Appreciated  if  one  but  mention  the  subjects 
considered  in  text-books  of  physics  and  chemistry.  Some  of  the 
subjects  of  physics  ore  sound,  heat,  light,  and  electricity.  These 
are  all  forms  of  energy.  The  chief  subjects  for  consideration  by 
chemistry  arc  the  elements  and  their  combinations,  such  as  helium, 
chlorine,  iron,  calcium-carbonate,  etc.  These  are  all  forms  of  matter 
Since  physics-chemistry  treats  of  all  the  energy  and  substance 
within  the  roach  of  our  senses,  physics  and  chemistry  are  the  two 
sciences  the  principles  of  which  are  believed  to  be  applicaUe  to  the 
entire  visible  universe. 

Astronomy  IreaUs  of  energy  and  substance  in  the  heavens.  It  is 
concerned  primarily  with  the  nature  and  development  of  the  beavenly 
systems.  Under  the  above  definition,  utronomy  is  tho  science  of 
the  physics  and  chemistry  of  the  heavens.  Biology  treats  of  cner^ 
and  substance  in  living  organisms.  Under  this  definition,  biology 
is  the  licieni^e  of  the  physics  and  chemistry  of  organisme.  Geology 
treats  of  the  energy  and  substance  of  the  earth.  Under  this  definition. 

'  This  deliDTtioD  of  tlip  word  '■«nib«lmice"  In  difTtrmt  (ron>  that  of  Bolmso. 
wlio,  an  I  underetuid  it.  mflkci  the  term  bo  comprchctiflive  m  to  ioctode  matter, 
ether,  and  energy'  %  him  the  word  "matter"  is  apparently  used  lo  eompciac 
whftt  U  hero  cown-d  by  both  rualtcr  mid  ellwr.  Sec  Silaa  W.  Hobnan,  Matter, 
Bneryy  Forct  and  Work,  p.  135  H. 
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geology  is  the  science  of  the  physics  and  chemistry  of  the  earth.  It 
includes  mineralogy.  These  definitions  may  not  be  complete,  but  at 
least  they  are  true  so  far  as  they  go. 

It  )8  not  necessary,  for  present  purposea,  to  consider  tlie  possible 
defects  of  tlin  dofinilions  given,  except  that  for  gnolo^'.  Objections 
may  be  raised  to  defining  ^oology  as  the  science  of  the  physics  and 
chemiBtry  of  tho  earth,  on  the  ground  that  this  definition  is  inade- 
quate to  cover  descriptive  and  hietoricat  geology,  [t  may  be  said 
that  it  is  a  part  of  geology  to  describe  the  facts  exhibited  by  the  earth 
as  they  appear,  without  reference  to  physics  or  chemistry.  It  may 
be  aaid  that  the  history  of  events,  as  shown  by  the  rocks  and  fossils, 
does  not  necessarily  require  physical  or  chemical  treatment.  There 
is  some  tnith  in  these  statements,  but  on  the  other  side  it  may  bo  held 
that  the  facts  are  the  results  accomplished  by  phyucal  and  chemical 
work.  These  facts  become  important  and  significant  mainly  as  they 
are  interpreted  in  physical  and  chemical  terms.  The  objects  of 
the  earth  —  the  complex  reaxdla  of  chemical  and  physical  work  —  if 
described  without  reference  to  the  manner  in  which  the  results  came 
about,  have  comparatively  little  interest.  In  reference  to  hJstonca) 
geology  it  may  be  said  that  this  subject  gives  a  chronolo^eal  arrange- 
ment of  the  results  of  chemical  and  physical  work. 

It  thus  appears  that  physics  and  chemistry  are  the  elementary 
sciences,  while  astronomy,  biology,  and  geology  may  be  defined, 
poflsibly  Tcith  some  lack  of  completeness,  as  the  applications  of  the 
principles  of  phyeics  and  chemistry  to  various  complex  sj'stems.  In 
this  sense  astronomy,  biology,  and  geology  are  applied  sciences. 

We  are  now  in  a  position  clearly  to  indicate  the  relations  of  geology 
to  the  sciences  mentioned.  So  far  ss  the  earth  is  one  member  of  one 
of  the  heavenly  systems,  It  is  a  subject  of  astronomy.  So  far  as  organ- 
isms constitute  a  email  part  of  the  earth,  they  are  the  subject  of  geo- 
logy, ^nce  the  earth  is  one  of  the  subjects  of  astronomy,  and  eince 
the  entire  kingdom  of  organisms  constitutes  a  small  part  of  the 
material  of  the  earth,  geology  is  closely  related  on  one  side  to  astro* 
nomy,  upon  the  other  side  to  biology.  Geology  is  one  of  the  children 
of  aatronomy.  Geology  begins  with  the  earth  at  the  time  of  its  astro- 
nomic birth.  Asgeology  is  oneof  the  children  of  aatronomy,  so  biology 
is  one  of  the  children  of  geology.  As  the  result  of  various  processes 
upon  the  earth,  chemical  and  phy.sical,  orgamsms  have  been  formed, 
and  have  gone  through  their  long  and  complex  development.  But 
astronomy,  geology,  and  biology  —  grandparent,  parent,  and  child 
—  have  long  existed  side  by  aide,  and  their  interaction  and  mutual 
effects  have  been  most  profound.  One  cannot  be  comprehended  inde- 
pendently of  the  others. 

While  geology  is  very  closely  related  to  astronomy  and  biology, 
we  have  seen  that  it  is  still  more  closely  related  to  physics  and  chemis- 
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try.  Since  phydcs-chemistry  is  the  scient^e  of  energy  and  subslflnce 
in  general,  and  since  geology  is  the  science  «{  the  energy  nnd  sub- 
stance of  the  earth,  geology  is  not  simply  related  to  those  subjects  — 
it  rests  upon  them  as  tt&  one  secure  fotindation.  They  are  the  ele- 
inentary  sciences  upon  which  geology  is  based;  for  they  are  the 
flcienoes  of  all  energy  and  substance  of  which  the  object  of  geological 
science  is  an  insigoificant  fraction. 

We  have  now  reached  the  most  fundamental  problem  of  geolog>',  — 
the  reduction  of  the  science  to  order  under  the  principles  of  physics 
and  chemistry.  To  a  less  extent  geolog)'  is  subject  to  the  sciences 
of  astronomy  and  biolog>'.* 

While  the  relations  of  geology  to  the  other  sciences,  as  ab<ive  set 
forth,  are  incontestable,,  it  was  possible  to  appreciate  those  relations 
only  after  the  sciences  were  well  developed.  Geology  did  not  bc^ 
consciously  as  the  nctence  of  the  physics  and  chemistry  of  the  eartti. 
The  phenomena  of  the  earth  were  studied  as  objoctd,  and  thus  geology 
wu  at  first  an  obsc^^'ationa]  study.  The  next  step,  a  revolutionary 
ODB,  was  to  explain  the  observed  phenomena  in  terms  of  phj'sical 
and  chemical  processes,  many  of  which  could  be  observed.  But  few 
have  aalced  the  question:  "What  is  a  geological  process?" 


Qeotogical  Procetaes 

It  is  a  curious  fact  that,  while  the  word  "process"  is  used  in  in- 
numerable geological  papers  and  textbooks,  I  have  been  unable  to 
find  anywhere  a  definition  of  a  "geological  process." 

I  shall  dehne  a  "geological  process"  as  the  action  of  an  agent  by 
the  exertion  of  force  involving  the  expenditure  of  energ>'  upon  some 
portion  of  the  substance  of  the  earth. 

Phyakal  deftniti^TUi  of  "/«■«,"  "wrk,"  mergy,"  end  "agmt." 
In  order  to  understand  the  above  definition  of  "geological  praoess" 

'  The  i-arth  is  llii^  viuttc^  n^r^gati:  of  innttrr  witliin  tlii;  ilin-ct  reach  af  man. 
By  B  study  of  n  Btnall  part  of  this  n^^rrgatc  t])«  principkii  of  phyoica  and  chemistry 
havn  txMta  formulat^u.  Ttie  matvnal  wliJcIi  liii»  bt-vti  e(tudli><l  is  but  fto  inapfMr^ 
ciublp  part  of  th<'  material  of  tlii?  earth,  »nc!  hut  an  infinitoumfil  pa«  of  tlw  BUb- 
staaoe  of  the  univ^rec.  Y^t  thn  doctrine  is  unhesitntiogly  aeoeBt*4  that  the  pru»- 
iripleiof  phyaiustuKl  chenirstry,  wrought  out  vdth  ii>f(treiicc  to  tliU  minute  (niiCCion 
Ot  JUbstsnco,  arc  not  ooly  applicable  to  oU  the  materials  of  thp  ^nrth.  but  to  all 
partKof  the  vinblo  univi-r^-.  This  daring  g^nEralieatiion  haa  received  astonishing 
COBflrmatioD  by  sCu<lics  of  nthrr  portions  of  tlw  vi&iblif  untvirrM  throufih  lIm 
•pcotroocopc  nnd  phatogrtpliic  plalr. 

In  the  genfrnlization  that  the  principles  of  pliyaica  and  chemutiy.  developed 
by  stuilv  of  tiiiall  t»tu«t,-(i  uf  mutt^rm],  apply  to  all  parte  of  the  univerae,  w«  have  a 
Cuat-  of  ilic  ^-xtrngion  v!  u  ^rnvnili motion  from  a  I>iirt  to  the  whole,  whidi  vuipowr* 
olmoiit  tuiy  ximilnr  r-xt<^Nion  of  n-fumnrng.  Incited,  some.  philoMphcn  haw  Mtfi- 
oualy  qu«Btion(^d  the  logitimocy  of  the  eonclueion. 

In  view  of  the  foregoing,  it  is  rathc*r  curt-ous  that  the  geologist  now  finds  ho 
most  Importiint  pnilili^m.  thi'  jimtilum  of  prolil*!iii8.  in  the  es|ilaaatian  of  ph^ 
nomriiM  exhibit^  by  tlie  ht^roiEeneoui  earth  in  terms  of  those  prindplM  of 
ptiyaics  and  ch^miatrir  built  Tip  mainly  by  obserration,  experiment,  and  reiMOning 
upon  a  mintitf  friM-tlon  of  i'iw  earth 
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H  la  necessary  to  define  the  terms  "force,"  "work,"  "energy,"  and 
"agent." 

Hoekins  defines  "force"  as  ocUon  exerted  by  one  body  upon  an- 
other tending  to  change  the  state  of  moUon  of  the  body  act«d  upon.' 
According  to  Daniell's  more  simple  definition,  "force"  19  any  cause 
of  motion.' 

MHieD  a  force  applied  to  a  body  mov««  the  body  in  the  direction 
toward  which  the  force  acta,  it  does  work.'  In  this  sense  "work"  is 
the  product  of  force  into  displacement,  the  common  formula  being 
W=FS.  The  unit  of  work  is  defined  as  the  quantity  of  work  done 
by  a  unit  forre  acting  through  a  unit  diatunce.* 

HoskiuB  deDnes  "energy"  in  the  terms  of  force  and  work.  Thus 
he  says  when  the  condition  of  a  body  is  such  that  it  can  do  work 
againat  a  force  or  forces  that  may  be  applied  to  it  the  body  is  said  to 
posaeBB  ttua^.  The  unit  of  energy  is  the  same  as  that  of  work.' 
According  to  Daniell's  more  simple  definition,  "energy"  is  the  power 
of  doing  work.' 

The  order  of  definiUon  of  the  above  tennit  is  that  in  wbtt-h  know- 
ledge of  them  has  developed.  The  actions  of  forces  in  doing  work  are 
observed.  From  such  obMervation.s  the  exiatcnre  of  energy  is  inferred, 
Wharevcr  forces  act  upon  nialter  and  work  is  done,  energy  must  exist. 
Further  reasoning  shows  ub  that  bodies  may  possess  energy  which  is 
latent  and  is  not  exerting  force.  Hence  many  physicists  have  defined 
"energj-"  without  introducing  the  words  "forre"  or  "work."  Thus, 
according  to  Holman,  "energy"  is  power  to  change  the  state  of  mo- 
tion of  a  body.'  If  energy  be  recognized  as  the  primary  thing,  then 
"force"  can  bs  defined  in  terms  of  energy.  According  to  Holman, 
"force"  is  that  action  of  energy  by  which  it  produces  a  tendency 
to  change  the  state  of  motion  of  bodies.'  Similarly,  the  word 
"energy"  may  be  introduced  into  the  definition  of  the  word  "  work." 
Thus  Holmnn  says  "work"  is  that  action  of  energy  by  whirh  it  pro- 
duces motion  In  a  free  body,  or  produces  or  maintains  the  motion 
of  a  body  against  resisting  forces.* 

An  "agent"  is  any  portion  of  the  substance  of  the  earth  which  may 
exert  force  and  thus  expend  energy  to  perform  geological  work.  Thus 
ether,  air,  water,  and  rock  are  agents. 

The  next  step  in  the  comprehension  nf  geological  processes  is  a 
consideration  of  the  kinds  of  energies,  forces,  and  agents,  and  their 
relations. 

'  T.  M.  Hoskiwi.  ThforrHtai  Mtehanicn.  pp.  2  and  16.  1900. 

■  Alfred  DanicU.  A  Teit-book  of  the  Prwwtp(«  of  Phiftux.  3d  ed.  (1M5),  p.  4. 

•  Hoaktns,  op.  eU..  p.  29S. 

•  rtnd.,  p.  m. 
'  md.,  p.  308. 
'  DABJell,  op.  eit.,  p.  2. 
»  Silas  W.  Holman,  M&ltfr,  Energu,  Force  and  Work.  p.  20,  1898. 

•  md.,  p.  41.  •  i«i,  p.  17 
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Kinds  of  energy  and  font.    Ultimately  the  fonns  ol  energy  mi.y 
be  reduced  to  n  few,  and  possibly  to  a  single  kind.  Indeed,  some  phy— 
nicifitA  believe  that  all  fonns  of  energy  are  really  but  different  mani — 
festetinn!)  of  kinetic  energy.    But  the  number  of  dementar^'  kinds  o^ 
en«rg>'  in  thu  universe  in  a  problem  For  the  pliyiucal  pliilosopber,  Dot^ 
the  gc()lo}i;iKt.    The  geolo^st  is  concerned  in  all  the  kiudu  o{  energjr 
which  ho  observes  at  work.  These  aro:  <1)  gravit&tion  energy^  (2> 
heat,  (3)  elasticity  cnerpy,  (4)  cohesion  energy,  (5)  chemical  energy, 
(6)  electricnl  energy,  (7)  magnetic  cnorgj',  (S)  reliant  energj-  (in- 
cluding radiant  heat,  radiant  light,  and  electromagnetic  radiation).' 

From  another  point  of  view  energy  may  be  claasifietl  into  kinetic 
energy-  and  potential  energy.  Under  static  conditiontt  of  all  the  parta 
of  a  system  any  or  all  of  the  kinds  of  energy  above  named  may  be 
exerting  force,  but  so  long  as  do  motion  occurs  and  no  work  is  dose 
they  are  ail  potential.  When  anywhere  in  the  s^'stem  movement  takes 
place  and  work  is  done,  some  portion  of  the  Gnerg>'  becomes  kinetic. 
Work  and  kinetic  energy  are  inBeparable.  As  multifarious  kinds  of 
work  are  always  going  on  in  the  world,  potential  and  kinetic  cner^ 
are  always  existent.  For  the  most  part  we  can  trace  the  kinetic  energy 
back  to  one  or  more  of  the  various  classes  of  energy  above  mentioned, 
but  some  part  of  it  may  be  derived  from  other  unnamed  sources. 

Any  of  the  forms  of  energy  may  exert  force,  hence  we  have  the 
term8"force  of  gravitation,!'  "force  of  heal,"  "force  of  elasticity," 
"force  of  cohesion,"  "chemical  force,"  "electrical  force."  "magnetic 
force,"  and  "radiant  force." 

Any  or  all  of  these  forcea  may  be  exerted  both  under  static  *Q<! 
dynamic  conditions.  When  the  conditions  are  static,  the  energy  is 
poteatial.  Wlicu  the  conditions  are  dynamic  and  work  is  done, 
some  portion  of  the  energy  is  kinetic.  To  illustrate:  For  many  yean 
a  cliflf  may  stand;  but  fmatly  a  portion  of  it  falls  and  ge^ogical 
work  is  done.  The  force  of  gravitation  is  exerting  the  same  pressure 
upon  the  material  concerned  during  all  the  years  of  quiescence  and 
during  the  brief  period  of  movement,  and,  for  that  matter,  continues 
to  be  exerted  after  movement  ceases.  During  the  static  conditions 
the  energy  of  gravitation  is  potential.  During  movement  some  pAlt 
of  it,  by  pressure  of  the  force  of  gravitation,  passes  into  kinetic 
energy.  And  this  energy,  through  the  agency  of  the  falling  part,  the 
agent,  does  further  geological  work  upon  the  material  at  the  foot  cf 
the  cliff. 

All  of  the  form.?  of  energy  and  force  are  important  in  geology, 
but  the  geological  work  of  some  of  them  has  been  more  clearly  dis- 
criminated than  that  of  others.  For  instance,  the  gcolopcal  results 
producrd  by  electricity  and  magnntiam  have  not  lioen  worked  out. 
although  I  have  no  doubt  that  electrical  and  nuignetic  cnorgj-  have 

^  SUM  W.  Holman,  MaOa;  Enern.  fo^t*  '''ul  Work,  p.  37, 1$9S. 
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produced  important  pErmaneiit  effects  upon  the  earth  which  inti- 
mately will  be  diHcriminated. 

GefAogical  u«c  of  the  words  "Jorce,"  "energy,"  and  "work."  To 
the  present  time  the  geologist  has  much  more  frequently  used  the 
word  "force"  than  "energy."  This  is  because  the  geologist  is  usually 
more  concerned  with  the  exertion  of  force  by  an  agent  than  he  is 
with  the  source  or  amount  of  energy  which  the  agent  containa. 
Physical  inveatigations  seem  to  Bhow  that  substance  contains  enor- 
mous quantities  of  energy,  only  a  small  part  of  which  is  manifest  to 
the  senses,  and  this  only  under  special  circumstances.  So  far  as 
geological  bodies  have  great  stores  of  energy  which  are  not  manifest 
ae  force,  there  is  no  change  of  condition  —  no  geological  process. 
The  geologist  is  primarily  coDcemod  with  the  eaergy  which  is  mani-  ' 
feeting  itself  either  statically  or  dynamically  by  the  exertion  of  force. 
Consequently,  he  more  often  refers  to  the  forces  of  geology  than  th* 
eoei^gies  of  geology.  This  is  the-more  natural  since  the  unit  of  force 
and  the  unit  of  energj*  are  the  same,  and  that  energy  ia  measured  only 
by  ita  action  as  a  force.  While  in  the  past  the  primary  interest  of 
the  geologist  h&a  been  in  force  rather  tlian  Id  energy,  it  is  probable 
that  in  the  future  he  will  become  more  and  more  concerned  in  the 
«nergy  itself  and  its  sources. 

Often  the  geologist  has  made  no  discrimination  between  the 
words  "force"  and  "c-nerKy."  He  has  frequently  uat-d  "force"  in 
the  old  sense,  both  to  cover  the  tiling  itecif,  the  energy,  and  the  action 
of  energj*,  the  force,  in  accomplishing  work.  Thia  formerly  was 
the  practice  of  physicists  also,  who,  for  instance,  epoke  both  of  the 
conservation  of  force  and  the  exertion  of  force.  If  the  conclusion  be 
correct  that  the  source  and  amount  of  energy  concerned  in  a  process 
should  be  diecriminuted  from  itB  action  as  a  force,  it  is  clear  that 
the  time  has  now  come  when  the  geologist  must  in  his  writing  clearly 
differentiate  the  two  ideas. 

Since  the  physicist  now  makes  an  important  discrimination 
between  the  words  "energy"  and  "force,"  it  may  be  necessary  for 
the  geologist  to  follow  him  in  his  de6mtions  of  these  words,  although 
much  can  be  said  against  technicaiizing  and  narrowing  the  use  of  the 
general  term  "force."  Probably  the  interests  of  all  the  sciences 
would  have  been  best  Bubscrved  if  the  physicists  had  introduced  a 
new  word  for  the  technical  sense  asMgned  to  the  word  "force/'and 
had  left  this  term  to  be  used  in  the  general  way  in  which  it  has  been 
used  in  the  past  ia  science,  and  will  continue  indefinitely  in  the  future 
to  be  used  in  literature.  This  is  especially  true  since,  if  we  confine 
the  word  "force"  to  ita  phj-sical  definition,  we  are  in  constajit  need 
of  a  word  to  cover  both  energy  and  force,  as  defined  by  the  physi- 
cists. If  the  latter  word  be  technicalizcd,  1  can  think  of  no  better 
word  Ibon  "power"  for  the  conception  which  includes  both.    This 
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was  the  word  used  for  this  place  by  Hutton  in  the  opening  pages  o 
his  epoch-making  papor  on  the  Theory  af  the  Earth.' 

It  is  also  to  be  notfd  that  the  word  "work,"  as  above  deiinecl, 
also  technicaJized ,  having  reference  only  to  the  exertion  of  force  im 
producing  ch&ngc  of  state  of  motion.    With  Lhia  meaning  it  has  no 
rolatjoa  to  the  material  rcaultii.    To  lUustratc:   By  the  expenditure:' 
of  energy,  the  crust  of  the  earth  may  be  fractured,  or  material  be 
trnnsportcd  from  one  place  to  another.    In  the  general  sense  used 
by  gejaiogists,  these  results  are  often  spoken  of  as  "work."    It  is 
certainly  a  verj*  grave  question  whether  geolo^sts  can  afford  lo 
restrict  the  word  "work"  to  its  physical  deBnition,  and  thus  be 
obliged  to  discontinue  its  use  in  an  indc5mto  sense,  both  for  the 
expenditure  of  the  energy,  and  the  effect  of  such  expenditure,  or 
for  cither  alone.    While  this  is  so,  it  may  be  said  there  are  very 
considerable  advaotage^  in  having  a  technical  \rord  for  the  phyacal 
meaning  of  work.    This  would  assist  the  geologist  to  think  clearly 
and  diftcriminate  between  the  expenditure  of  energy  and  tbe  inateiiaJ 
effects  of  such  expenditure. 

Whatever  meaning  the  geologist  assigns  to  tbe  words  "force" 
and  "work,"  he  should  have  a  clear  understanding  of  the  conceptions 
wliich  the  physicists  have  of  their  meaning,  and  should  attempt  to 
express  these  cunceptions  in  sumc  way.  Also  he  should  make  it 
clear,  in  case  be  decides  not  to  use  the  words  "force"  and  "wM-k" 
in  the  physical  sense,  that  the  old  general  usage  is  retained  for  them, 
lo  this  paper  I  shall  use  "  force  "  in  its  technical  sense,  but  retain  the 
common  usage  for  the  word  "work." 

The  ageTJia  of  geology.  We  are  now  ready  to  classify  the  agents  of 
geology.  They  may  be  grouped  into  ether,  ga.wB,  lu^uids,  and  solids. 
Possibly  organisms  are  so  [x'culiar  a  combination  of  gases,  liquids, 
and  solid.>i  tliat  Ihcv  shtiuUl  constitute  a  Qfth  group,  and  in  tliis  case 
the  agenls  may  be  clasaified  into  ether,  gases,  liquids,  solids,  and 
organisms.  X-'rom  another  point  of  view  the  agents  may  be  classified 
into  their  chemical  elements,  .some  seventy  or  more  in  number,  but  o( 
which  only  about  twenty  are  po  abundant  as  to  be  important. 

The  small  number  of  categories  of  ejiergies  and  agents  given  mi^t 
lead  to  the  conchinion  that  the  subject  of  geology  is  reduced  to 
simpler  tt^rms  than  Is  really  the  fact.  ICach  of  the  forms  of  energy, 
gravitation,  heat,  elasticity,  cohesion,  chemical  affinity,  electricity, 
magnetism,  and  radiation  is  most  complex  and  acta  as  forces  in  most 
diverse  ways.  The  number  of  gases,  of  liquids,  and  of  solids  which 
occur  in  nature  are  beyond  number.  They  are  most  diverse  in 
character.  For  instance,  the  liquids  varj-  from  nearly  pure  water 
to  magma.    The  solids  comprise  all  kinds  of  minerals,  of  which  there 

'  Charles  Hutton.  Theory  of  the  Karth.  Philoaophieal  TronaaeHona  0}  tht  Sogai 
Society  of  EdintvTgft.  17S5,  pp.  212-2U. 
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are  many  buiidrcde,  and  the  various  combinations  of  these  mini'rals 
In  rocks,  the  differeiit  phases  of  which  are  very  numerous.  Gas 
without  the  prest-nee  of  Uquids  and  solids,  liquids  without  the  inclu- 
sion of  gam.'s  and  solids,  and  solids  which  contain  no  |t;ases  or  liquids, 
wlule  perhaps  posistblR  in  a  physical  or  chemical  laborstorj*,  are  not 
found  in  nature.  As  remarked  by  Powell,  ganes,  Uquids,  and  solids 
are  ever^'where  comminglvd  upon  the  earth.  All  are  ooinmingled 
with  ether.  Thus  the  various  cunibinations  of  agents  arc  beyond 
compuUition.  Alat]  definite  agents,  for  instance,  water,  may  occur 
in  various  kinds  uf  bodice,  each  of  which  acts  in  a  manticr  peculiar 
to  itself. 

The  materials  upon  which  the  agents  act  are  of  the  same  kinds, 
and  have  the  same  diversities  and  complexitlcii,  as  the  agents  them- 
selves. Moreover,  the  work  done  inevitably  afFecta  both  the  material 
acted  upon  and  the  agent.  The  ugcnt  that  grinds  the  rock-floor 
at  the  bottom  of  a  glacier  is  also  ground.  This  necessity  of  work 
upon  both  agent  and  substance  acted  upon  comes  under  the  law 
of  Newton  in  reference  to  action  and  nwction.  The  fact  of  work, 
both  upon  agent  and  substance  upon  which  the  agent  acts,  raises 
the  question  as  to  the  distinction  between  the  two.  The  answer  is: 
The  agent  is  the  substance  containing  energy  which  it  expends  in 
doing  work  upon  other  subetanccs.  The  substance  upon  which  work 
is  done  may  thereby  receive  energy,  and  thus  become  an  agent 
which  does  work  upon  other  substances;  and  so  on  indefinitely. 
Indent,  the  rule  is  that  one  process  followg  another  in  the  sequence 
of  events,  until  the  energy  concerned  becomes  so  dispersed  as  to  be 
no  longer  traceable.   Theoretically  this  goes  on  indefinitely. 

Analyaia  of  geologicai  proceaaea.  Wo  have  swsn  that  the  action  of 
one  or  more  agents  through  the  exertion  of  force  and  the  expenditure 
of  energy  upon  one  or  more  substances  is  n  geological  process.  It  is 
rare  indeed,  if  it  ever  happens,  that  a  single  agent  works  through  a 
sin^e  force  upon  a  single  substance.  Commonly  two  or  more  agents 
are  doing  work  by  the  expenditure  of  energy  of  various  kinds  at  the 
same  time  upon  more  than  one  material.  The  proceeses  of  geology, 
therefore,  vary  in  their  complexity  from  the  action  of  a  single  agent 
through  a  single  force  upon  a  single  substance,  to  the  action  of  all 
kinds  of  agents  through  all  classes  of  force  upon  the  most  diverse 
combinations  of  substances.  Thus  the  solution  by  rain-wat*r  of  pure 
calcite  is  a  process.  Also  erosion,  which  is  the  work  of  all  the  agents 
by  the  expenditure  of  various  kinds  of  energy  upon  the  most  diverse 
combinations  of  materials,  ia  called  a  process.  It  is  plain  that  the 
number  of  processes  of  geology,  comprising  as  they  do  all  possible 
combinations  of  energies,  agents,  and  substances,  are  beyond  number, 
if  indeed  they  are  not  infinite.  If  geology  is  to  be  simplified,  the 
processes  must  be  analyzed  and  classified  in  terms  of  energies,  agents 
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and  results.  Each  of  the  classes  of  energy  and  agont  should  be  Ukeo 
up,  and  ibo  difTorcnt  kinds  of  work  done  by  it  dtscussfNJ.  For  ioataDCf, 
the  work  of  the  force  of  gravitation  through  gases,  liquids,  and  solids 
should  be  analyzed.  To  some  extent  this  has  been  attempted,  but 
very  imperfectly  indeed.  And  such  discussion  has  scarcely  been 
eeriouely  undertaken  for  the  other  forms  of  energy.  Text^books 
should  consider  each  of  the  classes  of  energy  by  itself,  the  nature 
of  the  forces  it  exerts,  the  procGsses  through  which  it  works,  and  the 
results  accomplished  through  the  various  kinds  of  agents. 

The  general  work  of  each  of  the  agents  and  the  results  accom- 
pliahcd  should  be  similarly  considered.  Not  only  so,  but  the  work  of 
the  different  forme  that  each  of  the  agents  lakes  should  be  separately 
t«ated.  Thus,  besides  considering  the  work  of  water  generally,  the 
vork  which  it  does  both  running  and  standing  must  be  treated. 
The  first  involves  the  work  of  streams;  the  second,  the  work  of 
lakes  and  oceans.  This  iuvolves  the  treatment  of  streams  as  entitles, 
or,  to  use  q  figure  of  Chambcrlin's.  as  "organisms."  The  treatment 
of  the  work  of  gases  sliould  involve  the  subjects  of  goees  of  the 
atmosphere,  gases  of  the  hydrosphere,  and  gases  of  the  lithospheie. 
The  treatment  of  the  agents  will  be  more  satisfactory  in  proportion 
as  the  work  done  by  each  of  the  forms  of  each  of  the  agen  ta  is  explained 
under  physical  and  chemical  prineiples  in  the  tsrms  of  energy. 

It  is  plain  that  the  treatment  of  the  energies  of  gcologj-  and  the 
treatment  of  the  agencies  of  geology  will  overlap,  «nce  one  cannot 
be  considered  without  also  considering  the  other;  but  this  ts  an 
advantage  rather  than  a  disadvantage,  for  each  of  the  two  points  of 
view  is  very  important  in  enabling  the  mind  to  grasp  the  composite 
whole.  Just  ae  in  the  science  of  physics-chemistry  it  may  sorae- 
times  be  advantageous  to  consider  the  subject  mainly  from  the  point 
of  view  of  substance,  and  at  another  time  mainly  from  the  point  of 
view  of  energy ,  and  the  treatments  from  both  points  of  ^new  are  neces- 
sary to  build  up  the  science  of  physics-chemisti^' ;  so  it  is  neoeasaiy 
to  consider  the  subject  of  geology  from  the  points  of  view  of  eneiiy 
and  of  ugent,  If  an  approximation  to  adequate  comprehension  be 
gained. 

As  already  intimated,  another  point  of  view  from  which  geology 
may  be  considered  is  the  resiult.    This  was  the  chief  point  of  \'iew" 
of  the  early  geological  papers  and  text-books,  which  were  content  to 
tell  of  phenomena.    Phenomena  may,  and  often  are,  obsen'ed  an<9 
described  in  advance  of  their  physical-chemical  interpretation.    But 
the  naming  or  even  the  description  of  the  phenomena  of  the  earth, 
without  reference  to  energy  or  agent,  la  very  unsatisfactory.    And 
usually  the  valuable  descriptions  of  before  unobserved  phenomeni 
are  made  in  connection  with  theories  of  thoir  physical  and  chemical 
significance.    But  it  is  still  true  that  observation  and  description 


THE   PROBLEMS  OF  GEOLOGY 


536 


i&t  ft  third  important  point  of  view  vhich  interlocks  with  and 
OTerlaps  the  treatment  of  geology  from  the  pointe  of  view  of  energy 
ind  agent. 

60  complex  is  the  earth  that  to  enable  the  mind  to  comprehend 

the  intricately  interlocking  whole,  the  aubject  should  be  considered 

from  as  many  points  of  \-iew  aa  possible.    If  only  the  human  mind 

were  sufficiently  powerful,  and  meana  of  exprexBion  adequate,  the 

ideal  method  of  treatment  would  be  aimultaneouK  considerution  and 

expositiou  of  all  poBeille  points  of  view.    Hut  since  this  method  of 

treatment  is  an  impoeaibility,  we  must  nccoeearily  at  any  time  con- 

eider  each  portion  of  the  subject  in  part  and  treat  it  in  part.    The 

problem  is  then  the  selection  of  the  various  partial  points  of  view 

which  are  important,  and  the  determination  of  the  order  of  their 

consideration. 

No  one,  I  think,  can  hold  that  any  of  the  points  of  view  above 
naentioned  —  process,  energy,  agent,  and  result  —  is  unimportant  in 
a  general  treatment  of  the  aubjuct  of  geologj-.  It  is  therefore  clear 
that  all  these  points  of  v-iew  must  be  handled.  There  mzy  be  differ- 
ence of  opinion  as  to  the  order  in  wbieh  they  shall  be  presented;  and 
for  different  parts  of  the  subject  of  geology  and  for  different  purpossB 
the  best  order  will  vary. 

We  arc  now  in  a  position  to  foresee  the  future  development  of 
the  science  of  geology.  The  earJy  papers  and  text-books  were  con- 
tent to  tell  of  accomplished  results.  Almost  nothing  waa  said  with 
reference  to  processes.  As  the  science  developed,  there  crept  into 
the  literature  of  the  subject  more  and  more  reference  to  proeesaea. 
The  present  year  a  text-book  of  geology  by  Chamlbcrlin  and  Salis- 
bury has  appeared,  the  first  which  avowedly  attempts  to  treat  geo- 
logy from  the  point  of  view  of  processes  rather  than  phenomena.' 
Thia  is  a  great  step  in  advance.  But  a  large  part  of  the  task  of 
reducing  the  processes  to  order  in  terms  of  energies,  agents,  and 
results  still  remains  to  bo  done.  When  this  is  accomplished,  we  shall 
have  a  statement  of  the  principles  of  geology  in  terras  of  physics  and 
cbemiatiy. 

How  knowleii^e  0/  processes  has  devdojifd.  The  principlea  ai 
geology  have  been  developed  in  the  past  and  will  continue  to  be 
developed  in  the  future  both  from  the  study  of  processes  now  in 
operation  and  by  the  consideration  of  the  results  of  processes  which 
cannot  bo  observed.  An  excellent  illustration  of  a  branch  of  geology, 
the  principles  of  which  have  largely  been  established  by  the  observa- 
tion of  processes  now  in  operation,  is  furnished  by  physiography. 
80  far  as  one  can  see,  the  surface  of  the  land  is  now  being  modified 
by  the  energies  and  agents  of  geology  as  rapidly  as  at  any  time  in  the 
past.   These  energies  and  agents  may  have  varied  In  their  efficiency 

'  Chamherlin  and  Saliabun-,  Geology,  vol.  t,  ProeVMM  and  their  Reaulta,  1904. 
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from  time  (o  time  and  place  to  place,  but  the  above  atatemcDt  is 
broadly  true.  There  are  other  branches  of  geology,  the  prindplee  of 
vbich  have  been  mainly  developed  from  results  accomplished  ratfatr 
than  from  observation  of  the  present  actions  of  energies  and  agents. 
In  such  branches  the  probable  ttiLTgifg,  ngonts,  and  processes  whicti 
produced  the  observed  results  were  dcvelopiil  from  &  cuasideratioD  d 
the  methods  by  which  chemical  and  physical  energy  ibrougb  the 
Bgeiils  available  coutU  liave  produced  the  results  observed.  For  in- 
staace,  the  development  of  the  eolar  system  occurred  but  once.  I>a^ 
ing  that  development  the  earth  was  formed,  including  theatmospheie. 
hydrosphere,  and  lithoHphere.  The  prucetts  of  differentiation  was  nM 
observed  by  roan,  cannot  be  repeated  by  him.  The  only  method  of 
reaching  a  probable  conclusion  aa  to  the  mamicr  of  accomplishmeni 
of  the  cunipk'x  icmilt  is  to  consider  in  what  possible  ways  physical 
and  chemical  energy  may  have  acted  upon  the  enormous  masses  of 
universe  stuff  out  of  which  the  earth  was  constructed,  and  to  check 
this  reasoning  by  the  attainable  knowledge  of  what  is  now  oeeurrinf 
upon  other  heavenly  bodies. 


The  qualitative  and  quantUative  stages  of  explaiu^ion.  The  tsok  of 
explaining  geology  in  terms  of  processes  involving  energy  and  agest 
has  two  stages  —  the  quaUtative  stage  and  the  quantitative  stage. 
For  most  problems  we  have  tia  yet  been  unable  to  go  beyond  tbe 
qualitative  stage.  In  the  qualitative  stage  of  a  problem  it  is  showD 
tbat  a  cau^  is  real.  In  this  stage  the  question  is  not  asked  asu 
how  far  the  explanation  applies;  i.  c,  its  quantitative  importance- 
Most  geologists  arc  content  when  they  reach  the  qualitative  stage 
A  certain  cause  is  determined  to  be  real  in  the  explanation  of  certain 
phenomena.  It  is  then  usually  assumed  that  this  cause  is  the  oolj' 
cause.  For  instance,  it  has  been  generally  accepted  that  the  loss  of 
heat  by  the  earth  results  in  decreased  volume,  and  that  such  cott- 
deneation  is  a  cause  for  cruRtal  deformation.  Many  geologists  have 
stopped  at  this  point  satisfied.  They  have  not  asked  the  queetioo: 
To  what  extent  can  loss  of  heat  by  the  earth  explain  crustal  defonns- 
tion,  and  are  there  any  other  causes  which  can  be  assigned?  Sod» 
years  ago  I  listed  a  number  of  causes,  each  of  wliich  partly  explaiM 
deformation.  In  addition  to  secular  cooling,  they  are  as  follows; 
Tolcanism,  cementation,  change  of  oblateness  of  the  earth,  cb&ngr 
of  pressure  within  the  earth,  change  of  physical  condition  of  thf 
material  of  the  earth,  and  loss  of  water  and  gas  from  the  interior.' 
Evidently,  in  order  that  we  may  have  even  an  approximately  correct 
idea  of  the  chief  causes  for  crustal  deformation,  the  question  must 
be  answered  as  to  the  quantitative  importance  of  each  of  the  causes 

'  C.  R.  Van  Hi«r,  Ertimalca  and  Catue*  oj  CnubH  Shorttmna.  Jtmrnal  of  Qm- 
logs.  vol.  Ti  (IHt8),  pp.  lO-M. 
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The  cOD^deratioa  of  the  prc»cesses  of  geology  by  quantitative 
methods  is  Buperlatively  dLfficult,  yet  tliis  task  must  be  uiideiiaken 
if  the  science  ever  approximates  certainty  of  couclusions.   This  k-ads 
to  the  relations  of  mathematics  to  gcolog>'.    The  moment  we  pass 
to  the  quantitative  treatment  of  proceesee  the  assistance  of  mathe- 
oiBtics  ie  needed.    For  simple  quantitative  calculations  arithmetic 
andalgebramay  sufTice,  but  for  the  more  difficult  problems  of  geology 
the  assistance  of  higher  matheiuatics  is  needed.    This,  then,  raises 
the  question  as  to  whether  or  not  it  is  expected  that  the  geologist, 
ID  addition  to  knowing  physics  and  chemistr>',  must  also  be  a  mathe- 
matician.   Undoubtedly  this  is  the  ideal  equipment  of  a  geologist, 
which,  unfortunately,  few  if  any  possess.  There  are  many  geologists 
who  apply  minple  mathematics  to  various  problems.    But  the  man 
who  is  so  familiar  with  fon-es,  agenti),  processes,  and  phenomena  of 
geology  that  he  is  able  to  liaudle  them,  and  at  the  same  time  is  capable 
of  handling  higher  mathematical  reasoning,^  is  rare  indeed.    Those 
geologista  who  have  made  the  attempt  to  combine  malliematical 
■with  their  geological  reasoning  usually  have  shown  marked  deficiency 
in  their  mathematics.    Upon  the  other  hand,  thoae  mathematicians 
who  have  attempted  to  handle  the  problems  of  geology  mathematieaUy 
have  usually  fae*n  so  deficient  in  a  knowledge  of  geology  that  their 
work  has  been  of  comparatively  little  value.   In  view  of  these  imfor* 
tunate  results,  it  seems  to  me  that  the  ti.me  hag  come  for  cooprmtion 
between  geologists  and  mathematicians  in  the  advancement  of  the 
science  of  geology  to  a  quantitative  basis.  Two  or  more  men  should 
work  together,  some  of  them  geologists  with   n    broad    familiarity 
with  the  phenomena  and  methods  of  their  science,  and  the  others 
expert  mathematicians.    In  continual   consultation,  the  geologist 
and  mathematician  will  be  able  safely  to  handle  the  problems  of  geo- 
logy quantitatively.     This   happy  condition    of  cooperation,  once 
reached,  vnli  be  sure  rapidly  to  advance  the  science. 

The  quantitative  solution  of  geolopical  problems  is  likely  to  empha- 
size also  anotlier  of  tiie  principles  of  geological  method  of  the  greatest 
Importance.  The  caxises  offered  to  explain  the  phenomena  do  not 
necessarily  cxcludoone  another.  It  is  believed  that  often  each  of  them 
is  a  real  cause,  and  partly  explains  the  phenomena,  —  that  the  diffei^ 
ant  causes  are  complementary.  While  a  majority  of  geologists  have 
been  content  with  suggesting  a  single  physical  cause  for  a  phenom- 
enon, otheTs  have  taken  more  than  one  possible  cause  into  account. 
Thus  Chamberlin '  has  formally  adopted  the  method  of  multiple 
hypotheses.  But  the  great  majority  of  those  who  have  considered 
more  than  one  hypotheas  in  connection  with  a  geological  problem 

>  T.  C.  Ch&mberlm,  Tha  AfetAod  «/  UultipU  Workinif  HypoOtaet,  Jounud  o^ 
Gtolom.  vol.  V.  (1867),  pp.  837-WS. 
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have  carried  an  their  disoussioDB  as  if  one  of  the  suggested  caum 
musl  be  selected  to  the  exclusion  of  the  others. 

As  a  matter  of  fact,  almost  every  complex  geotog^caj  pbenome- 
DOD  has  Dot  a  Birnple,  but  a  compoiute,  explanatioQ.  To  iUiuttate, 
in  Chambcrlin  and  Salisbury's  text-book  of  geology  it  is  stated 
tliat  the  explanation  of  voloanism  may  be  given  upon  the  assump- 
tion that  the  lavas  are  original;  or,  seoond,  on  the  assumpUon 
that  the  la\-as  are  BCcondary.  Under  the  first  assumption  it  is  sug- 
gested <]}  that  lava  outflon's  from  a  molten  interior,  and  (2)  th&t 
lavas  How  from  molten  reservoirs.  Under  the  s&cond  assumption 
it  is  suggested  that  lavas  may  be  aswgned  (3)  to  the  reaction  of  watei 
and  air  peJielraling  to  hot  rocks,  (4)  to  relief  of  pressure,  (5)  to  melt- 
ing or  crushing,  (6)  to  melting  by  depression,  and  (7)  to  the  outflow 
of  deep-seated  heat.'  At  the  close  of  the  discussion  it  ts  said  that 
these  hypotheses  "must  be  left  to  work  out  their  own  destiny." ' 
I  fear  many  will  make  the  infereacc,  although  I  have  no  idea  thU 
the  authors  so  int<?nded,  that  one  among  these  hypothe.ies  will  bt 
victorious  in  the  struggle  for  existence  and  the  others  totally  ovcr- 
throwD.  My  point  in  this  connection  is  that  the  two  main  supposi* 
tious,  and  all  of  the  hypothesfs  under  them,  may  be  true  in  part: 
tliat  these  various  explanaiiotia  an:  not  nccesaarily  exclusive  of  one 
another,  but  may  be  supplementary.  When  wc  have  a  quantitative 
diseuaeion  of  the  probable  effects  which  may  be  expected  from  each 
of  the  causes  suggested,  we  shall  have  some  idea  of  their  poambU 
relative  importance.  For  my  own  part  I  have  no  doubt  whatever 
that  volcanism  is  to  be  explained  by  some  combination  of  the  scrtB 
causes  mentioned,  with  doubtless  other  causes  which  have  not  yel 
been  suggested,  rather  than  by  a  single  cause.  As  soon  as  it  is  appn- 
ciatcd  that  to  explain  a  complex  phenomenon  several  causes  ai« 
usual,  if  not  invnrinble,  rather  than  exceptional,  it  beeomca  plain 
that  their  relative  importance  should  be  determined,  and  this  can  be 
done  only  by  quantitative  methods. 
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Thus  far  wc  have  been  considering  the  problem  of  geology  as  ■ 
general  one.  The  subjeet  assigned,  "The  Problems  of  Geol<^,'' 
might  imply  a  treatment  of  the  particular  problems  at  present  bdoi 
considered  by  geologists.  For  an  address  this  interpretation  of  the 
subject  is  impracticable.  Adequately  to  discuss  on«  of  tho  unaolrtd 
problems  of  geology  from  tho  point  of  view  advocated  wotdd  require 
a  monograph.  Not  only  is  it  impossible  to  discuss  unsolved  problem 


*  ChfuubcrUn  aod  SaJi«bury,  Cttihn,  vol  I,  iVeeaMM  and  (Mr  nnilt,  pp.  9B^ 
602,  1804. 
»  tbid.,  p.  602. 
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of  geology,  but  it  is  impracticable,  within  the  limits  of  this  pap«r, 
even  to  list  tbe  prnblems  demanding  solution.  As  evidencf*  of  the 
eorrectnesB  of  this  stabiimont  it  may  be  noted  that-  a  itubcommittee 
of  the  Carnegie  Institution  stated  scores  of  problems  upon  the  inve»- 
tigattioD  of  rocks,  the  Btaicnicnt  of  which,  liraiti.-d  to  the  briefest 
possible  terms,  occupies  a  number  of  printed  pa^es.' 


lUuatratiom  0}  Treatment  of  Oeological  PrMems  from  the  -point  0} 
wno  of  Energy,  Affent,  and  Process 

Wbile  it  is  not  practicable  to  discuss,  or  even  to  list,  the  partirular 
problems  of  gcoto^y,  it  is  possible  to  mention  illustrations  of  the  sys> 
tematization  and  simplification  of  the  science  by  the  treatment  of 
procesBes  in  terms  of  energj'  and  agent.  Thpsc  1  shall  take  from  my 
ovra  publicationa,  for  the  reason  that  I  can  more  easily  give  them  than 
any  others.  My  chief  subjects  of  study  have  been  (1)  the  grofs  and 
minor  deformations  of  the  lithoephcre,  ami  (2)  the  interior  trans- 
lormatioDs  of  the  rocks,  or  metamorphism.  When  1  began  the  study 
<rf  the  first  of  these  subjects,  I  found  a  heterogeneous  mass  of  facts 
in  reference  to  the  deformation  of  many  regions,  with  various  guesses 
as  to  how  the  results  came  about,  but  with  no  consistent  attempt  to 
reduce  the  many  observed  phenomena  to  order  under  the  principles 
of  physics  and  chemistry.  The  subject  of  metamorphism  was  in  an 
even  worne  condition.  The  work  upon  this  subject  was  of  the  moet 
random  character;  indeed,  nothing  short  of  chaos  prevailed.  A 
person  who  attempted  to  carrj'  the  multitudinous  statements  of  facts 
in  his  mind  would  need  more  than  cyelopa»dic  powers  of  memory, 
and  the  statement  would  not  even  have  had  the  artificial  order  of  an 
encyclopsedia.  I  became  convinced  that,  if  the  treatment  of  meta- 
morphism was  to  continue  along  the  old  lines,  the  subject  waa 
doomed  to  hopeless  confusion. 

With  the  above  condition  of  affairs  before  me,  I  set  about  attempt- 
ing to  ascertain  the  principles  which  control  the  various  kinile  of 
deformation  of  rock  masses,  and  which  underlie  the  tTaDsformation 
of  rocks.  It  soon  became  plain  to  me  that  the  task  was  a  great  pro- 
blem in  applied  physics  and  chemistry.  When  this  was  realized,  it 
became  clear  that  it  was  necessary  to  know  the  principles  of  physics 
and  chemistry  applicable  to  the  deformation  of  matter  and  to  the 
alteration  of  rocks.  Thus  my  first  task  was  to  remedy  the  defeete 
of  my  basal  training  by  gaining  a  working  knowledge  of  tlie  well- 
established  principles  of  these  subjects.  This  task  I  found  a  formid- 
able one,  wliich  occupied  much  of  my  time  for  several  years,  and 
which  I  can  claim  to  have  only  very  imperfectly  accompUshed. 

In  order  to  understand  the  diverse  phenomena  of  crustal  deforma- 
'  Cam^  /tuMudon  Yrar'Bixik.  no.  2,  pp.  19fi-201. 
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tion,  it  was  plainly  necessary  to  know  the  principles  of  defonD&tion 
of  Bcaall  masses,  sucb  as  can  be  li&ndlod  lo  tlie  laboratory.  Cnfoi^ 
tunately  il  was  found  that  thia  part  of  the  subject  of  physics  is  id 
a  very  imperfect  condition.  No  systematic  statement  is  a.vailabte  as 
to  the  manner  in  which  different  substancca  behave  under  varying 
cooditioDS  of  stress.  While  studies  have  been  made  of  the  deforma- 
tion of  iron  under  a  nioderate  range  of  ooodttions,  oomparativoJy 
little  has  been  done  concerning  brittle  bodies  such  as  constitute  the 
Tocka.  Exact  knowledge  ia  needed  as  tu  the  behavior  of  rocks  imdej 
the  most  extrcriic  variations  of  stress,  temperature,  amount  of  water, 
and  other  conditions.  But  white  it  ts  highly  desirable  to  have  this 
knowledge,  the  geologist  cannot  wait  until  it  is  available.  The  only 
practicable  course  is  to  Btudy  closely  th«  phenomena  of  rock  defomu- 
tioo,  and  interpret  these  facts  in  the  light  of  the  physical  and  chenucal 
knowledge  available. 

A  broad  study  of  the  phenomena  of  dcfonnation  by  various  men 
showed  two  clasecs  of  very  diverse  phenomena.  In  some  areas  tlie 
prominent  deformations  of  the  rocks  are  those  of  fractures,  such  u 
joints,  faults,  breceiations,  etc.  In  other  places  the  deformatioaa  are 
mainly  thosR  of  llnxure.  For  instance,  in  some  places  one  finds  thu 
brittte  rocks,  such  as  jaspilite  and  quartzite,  ore  deiontied  almoBt 
wholly  by  nu[n(;rouB  fractures,  and  in  other  placcH  have  been  bcnl 
within  their  own  railius,  or  even  minutely  and  extmnely  crenulated 
with  no  sign  of  fracture.  A  cloee  study  of  the  geological  condition 
under  which  these  two  classes  of  deformation  occurred  shows  that 
the  more  modem  rocks,  which  have  at  no  time  been  very  deeply 
buried,  arp  tho«e  which  are  most  likely  to  exhibit  only  the  effeeu 
of  rupture;  whereas  the  ancient  rocks,  and  csprcintly  those  which 
hiivc  been  deeply  buried,  are  likrly  to  show  the  evidence  of  pro- 
found folding  without  rupture,  although  often  th«!Te  is  superimpe«d 
upon  the  flexures  more  recent  fracture  deformation.  Physical  experi- 
ments had  shown  that,  when  a  brittle  substance  like  a  rock  ii 
stressed  beyond  the  limit  of  elasticity  imder  the  conditions  of  tlic 
earth's  surface,  cohesioD  is  overcome,  and  rupture  takes  place.  This 
fact  correlated  with  the  general  observation  of  rupture  in  recent 
rocks  and  those  deformed  near  the  surface,  led  to  the  cooclusxiQ 
that  normally  the  dcforraation  of  the  outer  part  of  the  earth  is  by 
fracture. 

After  this  conclusion  was  re-ached,  it  was  a  natural  step  to  tbe 
conclusion  that  at  a  very  moderate  depth  be]ow  the  surface  of  the 
earth  the  superinrumbent  pressure  is  greater  than  the  strength 
of  any  rock,  and  that,  if  openings  could  be  supposed  to  exiat,  they 
would  be  closed  by  pressure;  in  other  words,  that  the  pressure  due  W 
the  force  of  gravilalion  is  sufficiently  great,  so  that  the  moleculM 
of  the  rocks  are  held  within  the  limitA  of  molecular  attraction  or 
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are  within  the  limits  of  the  forco  of  cohesion.  This  naturally  led 
to  the  suggeetion  of  n  (Iccp-scatcd  zone?  of  rock-flowagc,  In  opposi- 
tion to  B  zone  near  the  surface,  tliat  of  fracture.  At  the  time  thi« 
concltisicn  was  reached,  no  expciiments  had  been  made  actually 
showing  the  deformation  of  rocks  under  the  conditions  of  the  deep- 
aeflted  zone,  but  since  that  time  Adams  and  Nicolson  have  deformed 
rocks  by  flowago  in  the  laboratory.^  Thus  observation  of  the  geo- 
logist, inference  from  the  observation,  and  experimental  work  have 
led  to  advance  'm  the  science  of  physics. 

For  the  present  purpose  the  important  thing  is  to  observe  that  b 
realization  of  the  very  diverse  results  which  follow  from  deformation 
under  i£fferent  physical  conditions  led  to  a  satisfactory  classiCcation 
of  two  great  seta  of  phenomena  which  had  been  noted,  but  without 
any  reason  being  assigned  why  one  occurs  at  one  place  and  the 
second  at  another  place.  Thua  in  the  text-books  of  geolngj-,  joints, 
faults,  and  folds  were  described.  But  there  was  no  attempt  to 
explain  why  fracture  occurred  here,  folds  there,  and  in  a  third  place 
both.  After  it  was  realized  that  the  gre-at  earth-movement  makes 
joints,  faults,  and  other  fractures  at  and  near  the  surface,  and 
at  depth,  below  these  structurea,  other  Btnictures  which  have  been 
called  folds,  it  was  possible  to  reduce  the  gross  deformation  of  rocks 
to  some  CTStematic  order  under  the  principlps  of  phyaics.  Tliere  of 
course  remains  the  Wdrking-nut  of  the  precise  phy.sical  conditions 
which  reault  in  the  various  diverse  phenomena.  For  instance,  what 
arc  the  exact  conditions  of  stress  which  result  in  the  nmny  complex 
systems  of  joints?  While  progress  has  been  made  upon  this  and 
other  problomg  of  gross  deformation,  n  vast  amount  of  work  remains 
to  be  done  before  the  subject  will  be  even  approximately  reduced  to 
order  in  the  terms  of  energy,  agent,  and  process. 

It  has  already  been  intimated  that  the  subject  of  rock  alteration 
was  in  an  even  more  unsatisfactory  state  than  that  of  groan  defonna- 
tion.  The  particular  alteraHon  of  this  or  that  rock  was  given  without 
any  adequate  consideration  of  the  geological,  physical,  or  chemical 
conditions  under  which  the  change  took  place.  Thus  there  were 
many  thousands  of  descriptions  of  rock  alterations,  but  no  under- 
standing of  the  reasons  why  the  particular  alteration  for  a  g^ven 
rock  found  at  a  given  place  occurred.  To  make  the  mattw  worse, 
almost  every  description  of  rock  alteration  was  accompanied  by 
vogue  guesses  as  to  the  causes  of  the  changes,  the  majority  of  which 
were  little  short  of  grotesque. 

After  it  was  appreciated  that  the  gross  deformation  of  rocks  is 
Tory  different  in  an  upper  and  a  deeper  zone,  the  question  naturally 


)  1  F.  D.  .^duRM  luid  J.  T.  Nieolson,  An  ExjmrimtnUil  lnt«iliii/Uian  inio  ths  Flew 

of  M orbit,  PhiUnnphiral  Trotmaetum*  of  fV  n«ya/  Sotwty  of  London.  SniM  A,  tM. 
CICV  [1901).  pp.  3(^-401. 
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srow  OR  to  whether  there  are  not  differences  in  the  rock  alt«ratIoDfl 
in  these  zones.  This  idea,  when  followed  up,  resulted  in  astoni^ 
ingly  fruitful  results.  U  was  found  that  in  the  upper  tone,  that  of 
fracture,  the  chief  alterationa  which  take  place  are  those  of  omdatiOD, 
carbonation,  and  hydration.  These  reactions  occur  with  liberatioa 
of  heat  and  expansion  of  volume.  In  other  words,  the  reactions  ate 
controlled  by  chemical  energy.  In  the  lower  eodc  the  domiaanl 
factor  controlling  alterations  is  physical  energy.  Pressure  diminisbee 
the  volume.  In  order  to  accomplislj  this,  the  cltemicnl  reactions  of 
the  upper  zone  arc  reversed.  Deoxidation,  silication  with  decarboD- 
ation,  and  dehydration  occur  with  absorption  of  heat.  The  reac- 
tions controlled  by  the  force  of  gra\dtation  are  under  the  principle 
o£  physics.  Tt  thus  appears  that  the  reactions  of  the  two  aonee  are 
largely  opposc<l.  It  Is  plain  that  if  the  subject  of  mctamorphism  o 
to  bo  reduced  bo  order,  the  alteration  uf  tlic  upper  zone,  that  of 
fracture,  must  be  discriminated  from  that  of  the  decp-scatcd  zon^. 
that  of  rock-flowage.' 

The  working-out  of  the  principles  of  metamorphism  was  a  physical- 
chemical  problem.  The  handling  of  the  problems  of  rock  alteration 
with  fairty  satisfactory  re-stilts  was  poKsible  because  of  the  riae  oJ 
physical  chemistry.  Had  this  science  not  been  developed  within  tlw 
past  Bcnre  of  yrars,  it  would  not  have  been  possible  to  have  gone  fat 
upon  the  problem  of  metamorphism. 

It  is  to  be  emphasized  that  gross  deformation  is  not  independent 
of  melamorphism,  or  metRmorphism  independent  of  gros.-?  defornu- 
tion;  the  two  interlock.  The  general  solution  of  the  problem  of  gross 
deformation  mode  it  possible  to  formulate  the  principles  controlling 
the  ititcrinr  transfurmutinns  of  rocka.  In  ft  similar  mancor  theM 
problems  interlock  with  the  other  problems  of  physical  geology,  sad 
physical  geology  interlocks  with  the  other  sides  of  the  subject,  Tbe 
whole  science  is  one  interlocking  system,  a  part  of  which  cannot  be 
satinfnctorily  developed  independently  of  the  other  jmrts.  For 
instance,  weathering  can  be  placed  In  order  only  when  considered  a 
oonuection  with  general  metamorphism,  erosion,  and  sedimcntatioiL 
Ore-deposits  can  be  explained  only  by  comtHoing  the  priaciples  (4 
volcanism,  deformation,  metamorphism,  etc. 

Iq  attempting  to  reduce  a  small  part  of  the  subject  of  geology 

'  TTKnicceaiumiy  narrow  limltnoTthia paper  wndoritaxlremelydlflSealtlosbo* 
th*  nuuinFr  in  n-h'irh  t)ii.<  miltjfrt  of  iiiPtAiTiorgilitHTTi  liju  Iw^oi  treated  nodu'  tbt 
system  advocated  lui  a  general  method  for  geolog)'.  liy  rrfemnic  to  Moncgr 
XLVII  oj  the  Unittd  Sbitrs  Geological  Sttrvey,  a  trPBtiiM  on  mctamoitiliisnil 

jtiat  A|)[v-nrinK,  tht^  rrjiilrr  will  U-tti-r  apjin-ciatf  ihn  illuatmtioa     In  lUs  veil 

Uk  foroiv  at  DMtoiaorphinin,  tli<;  iiKrnta  of  mctamorphiani,  nnd  Uic  aooes of  nwto- 
naorpliiam,  are  fint  fuOv  treated,  tHo  point  of  view  being  miunlj  phr^cal-fbenucd- 
AH^  tlve  general  pnndplce  oontained  in  th«ae  chaMcn  an  ^v«a.  tM  alt«T*tiMu  it 
flMh  of  the  diffentnt  bcjt<  and  iodm  an  d«vvlopod.  The  point  of  view  of  tbe  latkr 
ehaptmi  ia  mainlv  g«ok#cal,  but  the  gmlogy  is  iDtrrpntad  in  the  tenu  of  tbe 
prindplm  «arlier  formulMed. 


to  order  under  the  principles  of  physics  and  chemistry-,  the  plan  was 
followed  of  oscillating  between  obeervBtions  of  the  facts  as  exhibited 
in  the  field  and  lalwratoiy,  and  their  physical-chemical  explaoation. 
After  a  large  niiinber  of  facts  were  observed  in  the  light  of  knovn 
principiee,  the  attempt  was  made  better  to  formulate  the  principles 
which  explain  them.  After  this  was  dooe,  the  facts  were  again  more 
comprobeneively  studied  io  the  field  and  in  tha  labarator>-  in  the  light 
of  the  new  principles.  The  statement  of  principles  was  then  modified 
and  improved  by  use  of  the  new  facts.  The  improved  statement  of 
principles  was  again  tested  by  further  (acts.  Thus  the  process  of 
development  has  been  a  scries  of  approximations  toward  both  com- 
pleteness of  statement  of  fact  and  perfection  of  formulation  of  prin- 
ciple, but  neither  has  been  attained,  nor,  »o  far  as  we  can  see,  will 
they  ever  be  reached. 

Nteeuity  for  Advaiice  in  the  Sciences  0}  Phtjiics  and  Chemtttry 

Very  often,  in  the  attempt  to  find  principles  applicable  to  the 
phenomena  of  deformation  and  mctamorphism,  it  has  been  found 
that  the  ncicnce  of  physics-chemistry  is  not  sufficiently  advanced  to 
make  this  possible.  In  such  cases  physicists  and  chemists  have  been 
aalccd  to  develop  this  subject  at  the  needed  points.  Rut  at  innumer- 
able places  the  problems  have  proved  to  be  so  numerous  and  complex 
that  the  necessary  aid  has  not  been  obtainable.  Thus  there  has 
arisen,  with  reference  to  my  own  work,  a  great  line  of  unsolved 
problems  which  demand  the  cooperation  of  physicists  and  chemists. 
The  same  is  true  of  the  work  of  all  other  geologists  interested  in  the 
fundamental  problpms  of  geology.  As  a  consequence,  when  a  com- 
mittee was  appointed  by  the  Carnegie  Institution  to  consider  what 
could  b«Bt  be  done  for  the  advancement  of  geology,  it  was  unani- 
mously decided  that  the  most  pressing  need  of  the  science  was,  not 
fiirther  8ijf)port  of  the  study  of  tho  phenomena  of  geology,  but  the 
advancement  of  the  principles  of  physics  and  chemistiy  upon  which 
geology  is  based.'  In  a  small  way  some  of  the  physical  and  chemical 
problems,  the  solution  of  which  are  asked  by  geologists,  have  been 
taken  up  by  the  Carnegie  Institution.  Thus  the  demands  of  the 
geoto^ts  that  their  science  shall  be  reduced  to  order  under  the 
principles  of  physics  and  chemistry*  are  likely  to  result  in  important 
advances  of  these  sciences. 

Defeds  of  Geological  LUerature 

If  further  proof  than  that  already  given  were  noodcd  of  the  import- 
ance of  the  knowledge  by  geologists  of  the  basal  principles  of  the 
■  Camtgie  Inatitutian  Year-Book,  no.  1, 1902.  no.  2.  1903. 
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«IomcntHry  sciences,  and  of  their  application  to  gcolo^cnl  problems, 
it  \%  fumishfd  by  the  literature  of  geology.  It  seeing  to  tne  that  the 
nulical  defect  which  pervmlca  the  literature  of  the  subject  is  due  to 
the  lack  by  geotogiata  of  such  knowledge.  Becauiw  of  this,  many 
geologists  are  wholly  uo&blo  to  make  a  logical  arrtingemeiit  of  tbcir 
material,  or  respectably  to  dtscuss  the  phenomena  obecrvcd  witi 
reference  to  causes. 

Indeed,  some  geologists  seem  to  take  pride  in  lack  of  knowledge 
of  principles  and  of  their  failure  to  explain  the  facts  observed  in 
the  Iprms  of  the  elementary  sciences.  I  have  heard  a  nf&n  say: 
"I  observe  the  facts  as  I  find  tbem,  unprejudiced  by  any  tbeoi>'." 
I  Kgud  this  statement  as  condemning  the  work  of  the  man,  for  tiie 
portion  ia  an  impossible  one.  No  man  has  ever  stated  more  thin 
a  small  part  of  the  facts  with  reference  to  any  area.  The  geotogjst 
must  select  the  facts  which  he  regards  of  sufficient  note  to  record 
and  describe.  Out  such  selection  implies  theories  of  their  im- 
portance and  significance.  In  a  given  case  the  problem  is  there- 
fore reduced  to  selecting  the  facts  for  record,  with  a  broad  ud 
deep  comprehension  of  the  principles  involved,  a  deOnitc  undn- 
Btanding  of  the  rules  of  the  game,  an  appreciation  of  what  is  probable 
and  what  is  not  probable;  or  else  making  mere  random  observatioof. 
All  agree  that  the  latter  alternative  is  worse  than  useless,  and  thet^ 
fore  the  only  training  which  can  moke  a  geologist  safe,  even  in  liii 
observations,  is  to  equip  him  with  such  a  knowledge  of  the  principlw 
ooncemed  as  will  make  his  obeervations  of  value. 

It  is  doubtful  if  more  tlian  one  or  two  text-books  of  geology  hvn 
been  written  which  do  not  contwn  many  statements  capable  of 
arouang  the  amusement  of  the  physicist.  When  the  geologists  vto 
write  the  standard  books  of  the  science  are  properly  equipped  witli 
a  worktog  knowledge  of  the  priaciples  of  ph>'sics  and  ohenustry,  tbe 
books  will  va&se  to  be  a  hett^rogeneous  mass  of  undigested  materii^ 
mingled  with  inferences  as  to  thi!  meaning  of  the  phenomena,  whicb 
to  any  one  familiar  with  the  principles  of  physics  and  cbcmJstlT 
are  often  ludicrous.  From  the  above  point  of  view,  it  might  b* 
said  that  the  problem  of  geology,  the  problem  of  problems,  is  W 
get  men  who  write  geological  papers  and  books  so  well  trained  In 
the  elementB  of  thp  sciences  upon  which  geology  is  based  that  thfv 
shall  be  able  to  reu.>ion  correctly  as  to  physical  and  chemical  eausM, 
and  conse<)Uently  to  obsL-r^'c  and  describe  accurately  and  discrim- 
inatingly. It  is  plain  that  the  gt-'olngint  who  hnprs  to  adii'uncc  tb* 
principles  of  his  science  must  have  a  wurkirtg  knowledge  of  pby»ig_ 
and  chemistry.' 

'  C.  R.  Van  Ilisc,  Trninin;;  and  Work  of  a  Ijralootfl,  Pmoeedtnj^  of  lite  Ama*- 
ran  Academy  of  SctoKta,  yoL  u  (t&02).  pp.  399-uO. 
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The  phenomena  of  geology  for  any  extensive  area  —  for  instAnce, 
a  continent  —  are  so  numerous  that,  had  the  science  originated  in 
Europe,  in  America,  and  in  Asia  indrpendcntly,  the  principles  nf  the 
science  developed  in  these  three  n-giona  would  have  been  C6»cntialljr 
the  same.  The  chief  differences  would  hnvc  been  that  the  emphaBia 
placed  upon  the  different  principles  would  have  varied.  Also  the 
principles  of  certain  divlBJons  of  the  subject  would  have  been  some- 
what more  fully  developed  in  one  case  than  in  another.  For  instance, 
because  of  differences  in  the  range  of  latitude  and  other  climatic 
conditioDB,  certain  parts  of  the  principles  of  physiography  would  have 
been  more  fully  developed  on  one  contineDt  than  on  another. 

It  is,  of  course,  understood  that  the  foregoing  statements  premise 
that  men  of  equal  ability  and  attainments  had  been  at  work  on  the 
probiema  of  geologj'  in  the  various  continents.  This  supposition  is, 
of  course,  erroneous,  for  it  is  evident  that  the  great  constructive  work 
of  geologj'  has  been  done  largely  by  a  comparatively  few  individuals. 
Indeed,  the  contrast  between  nations  in  the  number  of  creative  geo- 
\0gi9\a  which  they  have  produced  is  so  great  that  it  is  a  fair  inference 
that  the  differences  in  the  principles  of  the  scienoe  developed  in  the 
three  continents  under  the  conditions  named  would  have  been  more 
largely  due  to  difference  in  the  capacity  of  the  geologists  than  to 
variation  in  the  phenomena  demanding  explanation.  In  geology, 
ae  in  other  lines  of  human  endeavor,  the  exceptional  man,  the  genius, 
is  a  factor  of  paramount  importance. 


The  Problems  of  Proinncea  and  DiMridt 

Thus  far  we  have  considered  only  the  development  of  the  prin- 
ciples of  geology.  They  ore  applicable  to  the  entire  earth.  There 
is  another  great  field  of  geologj-,  which  has  not  yet  been  suggested,  — 
the  application  of  tM  principles  to  provinces  and  districts. 

This  aeeond  line  of  problems  nf  geology  is  illustrale<l  by  sueh 
subjects  as  the  stratigraphy  of  a  ^ven  district,  its  physiography,  its 
ptdeontology,  etc.  The  working-out  of  the  stratigraphy,  or  phyao- 
graphy.of  a  given  county  or  township  may  be  of  great  importance  to 
(he  inhabitants  of  that  county  or  township,  or  even  of  some  conse- 
quence to  the  nation.  They  are,  however,  of  much  less  importance 
to  persons  interested  in  the  advancement  of  the  principles  of  geology, 
unless  their  elucidation  adds  to  the  science  some  new  principle,  or 
some  unusually  fine  illustration  of  an  old  principle. 

The  pnnciplps  of  gcnlng^'  maybe  broadly romprehcnded  by  a  single 
individual.  No  individual  can  be  familiar  with  more  than  a  minute 
fraction  of  the  applications  of  the  principles  to  the  numerous  geo- 
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logical  provinces  of  the  world.  Scarcely  a  More  of  years  ago  it  wag 
pottsiblo  for  a  geologist  not  only  to  know  the  developed  principles  of 
the  8cicnc«,  but  to  know  somewhat  fully  the  fucta  U{)on  which  tboae 
principles  wvre  based.  At  the  prtsenb  time  this  is  impossible.  A 
man  may  know  the  more  important  facta  in  reference  to  a  few  dis- 
tricts, the  broader  facts  in  reference  to  states,  and  wmc  of  the  more 
general  facts  in  reference  to  an  entire  continent,  or  even  more  than 
one  continent;  but  no  man  can  know  more  than  an  inappreciable 
portion  of  the  geological  facta  of  even  the  countries  which  have  been 
somewhat  closely  studied;  and  these  countries  comprise  but  a  sniall 
part  of  the  earth. 

liut  it  is  unnecessary  for  a  man  to  know  all  the  faete  of  geolofy. 
He  need  only  know  the  more  important  facts  for  a  sutTicientty  broid 
region  so  that  he  may  understand  the  recognised  principles  of  the 
science,  assist  in  their  development,  and  take  part  in  the  discovtiy 
of  new  principles.  The  discoveries  will  be  found  to  be  lai^cly  appli- 
cable to  the  vastly  greater  re^ons  of  the  worid  which  are  not  con- 
sidered by  the  discoverer.  All  this  is  very  fortunate  for  the  scienw 
of  geology.  A  student  beginning  the  subject  may  fully  comprehend 
the  truthfulness  of  many  principles  which  have  been  developed  in 
various  parts  of  the  world  through  the  illustrations  furnished  by  hit 
native  parish. 

From  the  foregoing  it  appears  that  the  g«ology  of  the  future  it 
to  have  two  aspects,  which,  as  time  goes  on,  will  become  more  and 
more  clearly  difTerentiated:  first,  the  principles  of  geology;  BeconJ, 
the  application  of  prindpleit  to  various  parts  of  the  world. 

Condution 

It  is  clear  that  the  evolution  of  the  science  of  geology  hae  follomd 
a  rtrictly  natural  cour.=«?.  Before  the  subject  was  recogniied  as  « 
Bcience,  the  earth  was  being  observed.  When  man  turned  to  natuie- 
study,  he  began  to  olwerve  the  phenomena  exhibited  by  the  earth, 
such  as  the  stratifirution  of  the  rocks,  and  the  pmsence  in  them  of 
objects  which  arc  callal  fosaila.  Aft«r  fiurh  observations  were  madt, 
it  wa3  inevitable  that  sooner  or  later  the  question  should  arise  as  to 
the  manner  in  which  the  results  observed  were  accomplished.  Thw 
the  observation  of  phenomena  led  to  a  study  of  processcA.  Sandl 
like  those  observed  in  a  consolidated  form  were  seen  in  the  proees 
of  building.  The  conclusion  followed  that  the  con.solidated  stratified 
rocka  were  formed  by  the  processea  observed  upon  the  aeasbore. 
ScAshclIs  were  aeen  to  bo  produced  by  animals  and  to  be  depoAted 
with  the  upbulding  sands.  This  led  to  the  explanation  that  tbf 
fossils  in  the  sedimentary  rocks  wore  due  to  the  proceaaea  observed. 

After  a  lai^  number  of  explanations,  the  methods  of  which  wen 
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the  same  a«  in  the  iltustratiotiB  given,  the  gt^ncral  doctriae  was  cvolvod 
that  the  geological  reaulis  of  thv  ptust  arc  to  be  explained  by  present 
proceasee,  or  the  present  is  tlic  key  to  the  past.  While  the  above 
conclusions  now  seem  almoet  axiomatic,  wc  need  not  go  far  ba«k  to 
find  them  astonishing  novelties.  So  far  as  we  are  aware,  the  natural 
explanation  of  fossils  was  first  reached  by  that  amazingly  versatile 
genius,  Leonardo  da  Vinci,  in  the  fifteenth  century.  The  conclu- 
sion that  the  present  is  the  key  to  tbo  past  required  for  its  formulation 
the  intellect  of  the  great  llutton.'  It  was  not  announced  until  1785, 
&nd  the  doctrine  was  not  generally  accepted  until  after  Lyell's 
PrincipUs  appeared  in  1830. 

As  the  scienee  of  geology  developed,  the  prBCtiee  of  explaining 
the  phenomena  in  terms  of  processes  gradually  became  more  com- 
mon, until,  as  we  have  seen,  it  is  dominant  in  the  latcet  geological 
text-book.  But,  as  already  intimated,  the  analysis  of  processes  in 
terms  of  energy,  force,  and  agent  has  only  begun.  It  is  my  belief  that 
BC  some  time  in  the  future  a  text-book  of  goolopj'  will  appear  which 
shall  begin  nith  a  discussion  of  the  energies,  forces,  and  agents  of  geo- 
logy, the  understanding  of  which  is  necessary  in  order  adequately  to 
comprehend  processoe.  It  has  been  stated  that  the  problem  of  geo- 
log>'  is  the  reduction  of  the  soience  to  order  under  the  principles  of 
pby»cs  and  chemistry.  This  is  equivalent  to  saying  that  the  pro* 
blemof  geology  is  the  diacusaion  of  the  subject  in  lemis  of  energies, 
forces,  agents,  proeesses,  and  results.  Such  a  dlscu&uon  will  constitute 
the  principles  of  geology. 

It  is  my  deep-«cated  conviction  that  by  the  solution  of  this  problem 
only  can  geology  be  so  simplified  as  to  be  comprehended  with  reas- 
onable fullness  by  the  human  mind.  When  this  work  ie  done,  the 
broad  principles  of  the  science  will  be  capable  of  statement  with 
comparative  simplicity  and  brevity.  But  so  brood  and  complex  is 
the  science  of  geology  that  a  comprehensive  statement  of  the  prin- 
ciples of  the  entire  subject  will  necessarily  be  somewhat  voluminous. 

Supplementary  to  the  principles  of  geology,  which  are  applicable 
to  the  entire  earth,  there  will  be  a  long  series  of  volumes  of  the 
geology  of  different  continents,  the  various  political  divisions  of 
these  continents,  the  stales  under  those  divisions,  or  even  the  minor 

'  How  ciciwly  th«  groat  Hutton  iipprF<iBt*d  tUp  <loctTtno  eomnionly  called 
that  of  uniformity  is  shon-n  hv  the  finllonjiii;  quotntLona  from  hit  Thronj  of  /Ae 
Eawth:  "  In  what  follows,  therefore,  we  are  to  fxamJDO  the  coaat ruction  of  the 
preaent  eartli.  in  onW  to  undtratund  tin-  tintund  ci)KTiiti'.>nH  of  limn  paat:  to 
actiuira  pnnnplr».  bv  which  w^ may  coatJiidc  with  rcgnrd  to  the  futurr  coiirac  of 
tbiogB,  or  judge  of  t^oee  operations  by  which  a  wotld  m>  wisely  ordered  gotts  into 
decay;  and  Uj  Il-bh)  hv  wtmt  lui^jius  »ueli  a  dwayed  world  may  Ih-  n-no^att'd,  or 
the  wa«tvo[  linbilnblc  land  upon  tbe  globe  repaired."  The  <wiiclu<iiii(;  ecntcuoeof 
his  work  i»:  "  Thft  n^milt,  tlaon-fore,  ofour  pit^wnt  inquiry  in,  that  w*  find  no  vm- 
tJBT  of  a  Iwpnnintt  —  no  ptwapert  of  an  end."  Chftrtrt  Hutton,  Thmry  of  fhs 
Earth.  PhUotophUal  Traneactioiu  of  (Ae  Royal  Satiety  of  Sditiinirgh  (liSfl),  p.  218; 

arid-,  p.  SOL 
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areas,  such  as  counties  or  townships;  for  bo  numerous  are  the  facts 
of  the  science  that  it  requires  s  volume  to  discuss  in  detail  even  a 
small  area.  For  instance,  to  ^ve  the  geology  of  a  township  with 
sufficient  fullness  to  make  clear  the  earth-story  there  illustrated  may 
require  a  good-sized  volume. 

We  have  seen  that  geology  rests  upon  physics  and  chemistry  as 
its  foundation;  that  it  is  clraely  relat«i  upon  one  side  to  astronomy, 
upon  another  side  to  botany;  that  in  its  broader  sense  it  includes 
mineralogy;  and  that  for  its  satisfactory  development  the  aid  of  the 
higher  mathematics  is  needed.   It  is  evident  that  the  man  who  is  t» 
advance  geology  must  be  broadly  trained  in  science,  and  have  a  firm. 
grip  upon  the  nature  of  energy,  ether,  and  matter,  and  their  inter- 
actions. 

It  is  my  conviction  that  when  geology  is  placed  in  order  under- 
the  principles  of  physics  and  chemistry  the  science  will  have  passed 
thro'ugh  a  greater  revolution  than  at  any  previous  time  in  its  history. 
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Ulall  It,  Septcttibir  22,  10  a.  m.) 

(^AnutA-v:  PnorEssox  WiLtxut  B.  Scott.  Princeton  Univflwity. 
Spbucrhs;  Dr.  A.S.  Woodwa.rd.  F.Itif.,  Britiii)i  Muwuiitor  Nutunil  Histoiy, 
London. 
PioncflBOR  HKjmr  F.  Obbokx.  Columbia  I'niTersity. 
Skcbbtabt:  Dirbctor  John  M.  Clabeb,  SUkt«  Uuseum,  Albany,  N.  Y. 
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BT   ARTHUB   SMITO    WOODWAnD 


I      (AxthuTSnuth  Woodward.  Keeper  of  ihr  G«oloKi<'A[  [VimrtiiiFnt.Brituih  Museum. 
I  b.  Macclealleld.  EnElaod,  May  24,  1864.    Ediicntcd  in  MBCdesficld  Grammar 

I         Hcliool;  Ownta  Coili-^,  M&iidifj»u-r.    (Hon.)  LL.D.Utati^iiw.   Coimf-ctrd  with 

<  c«pe«i&Uy  Gshca.  Itcccived  WoUmUtd  Fund  from  thir  Gcolofncai  Socictv  of  Loii< 
don.  1889;  LyeliHediJ.iM*'.  18S6-  IVIlowof  th«  ItovAJSocictvof  Lontlon:  tUao 
of  thcLtnnevi.ZoDlocical.GeoloRicHl,  and  Royal Geogmpliical SodMii^ ;  Mrtn- 
horof  SoeitfUJ  Bcle«>  w  n<k>logic;  .Mew  York  Acaditmy  of  8ciiino>«;  Bmttnn  So- 
riety  of  Natural  Hixtory;  SE^-retnry  of  PAlsonto^itphical  8ocie<ty.  Aotbor  of 
Ctiiaiogut  of  Fottil  FUhei  in  Brittth  jVutniin;  Outlim*  of  VrrlebTale  PaUon- 
tatagy:  uid  varioua  ini-jnoin  and  pttpers  in  aoienUfic  jnumaU.] 

The  satisfactory  interpretation  of  fossils  depends  on  knowledge  of 
so  many  kinds  that  it  is  not  surprising  the  study  of  them  was  seieati* 
fically  pursued  for  nearly  half  a  century  before  it  received  a  dislinct- 
ive  name.  Even  aftpr  paleontology  had  been  added  to  the  roll  of 
the  sciences,  the  universities  still  regarded  it  as  a  department  of 
geology,  zoology,  or  comparative  anatomy.  In  fact,  to  tliia  day  there 
is  no  separate  ordinary' chair  of  paleontology  in  any  of  the  European 
universities,  and  there  are  very  few  chairs  devoted  to  this  science  even 
in  the  more  prugrc^ssive  universities  of  America.  It  is  the  general 
eustom  for  the  professor  of  geologj*  to  treat  the  invertebrate  fossiile, 
with  BjiPcial  rt-ferpnce  to  their  line  in  determining  the  age  of  nicka; 
while  the  profes-sor  of  zoologj'  or  comparative  anatomy  usually 
includes  the  vertebrate  fossils  in  hia  courae,  to  supply  some  of  the 
many  links  which  are  missinR  in  the  surviving  cliain  of  life.  L'nder 
such  circumstances,  there  is  no  diUiculty  in  recognising  that  paleon- 
tology is  intimately  related  to  other  geological  and  biolo^cal  aciences. 
The  obstacle  to  a  correct  appreciation  of  the  subject  is  rather  that 
the  divided  teaching  faiLi  to  impart  to  the  student  any  adequate 
itlea  of  its  fundamental  broad  priiicipKs  and  their  true  meaning. 
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Jleialicnt  to  Occlvffjf 

It  IB  quite  natural  th&t  paleontolog)'  should  still  be  regarded  &$ 
ft  Bubsidinry  part  oi  geology,  for  it  developed  from  the  stady  of  the 
scMMiUcd  "figured  BtoneB"  and  "mineral  concholi^i',"  which  were 
go  much  discussed  more  than  a  century  ago.  It  is  based  entirely 
upon  fossils,  which  lose  moeh  of  llieir  real  value  unless  ibey  arc 
carefully  collected  by  a  geologist;  and  the  foaeils  themselves  can  only 
be  properly  understood  by  one  whose  eye  is  acctistomed  to  the 
examination  of  rocks  and  mineral  stnicture*.  Moreover,  it  has  been 
quite  t'lear  since  the  daya  of  William  Smith,  CuvJer,  and  Brcmgniart 
that  fossils  always  occur  in  a  definite  order  in  the  rocks  of  different 
ages,  so  that  they  afTord  a  means  of  correlating  the  formations  of 
widely  separated  localities  whose  mutual  relationahips  are  otherwise 
uncertain.  To  use  MaRleH's  well-known  phraae,  they  are  therefore 
"medals  of  creation,"  and  an  intimate  knowledge  of  them  i»  abao- 
lutcly  essential  to  a  geologist  when  he  attempts  to  dctennine  the 
relative  age  of  sedimentary  deposits  which  he  cannot  directly 
observe  in  superposition. 

The  researches  of  paleontolcgists  during  the  last  two  decades, 
however,  have  considerably  anipMed  the  oiigiQat  conception  of 
fossils  as  an  index  to  geological  time,  i^o  long  as  detailed  observa- 
tions were  mainly  confined  to  one  smaJi  portion  of  the  earth's  sur- 
face, it  was  possible  to  enumerate  a  few  characteristic  genera  for 
each  stratum  of  rock;  and  when  geological  di.tcoveries  began  to  be 
made  in  distant  countries,  it  was  found  that  the  general  micce^sion 
of  foRsil  groups  of  animals  was  always  the  same  —  that  graptolites 
and  trilobitcB,  for  example,  were  invariably  older  than  ammonites, 
and  that  these  again  always  preceded  the  volutes.  At  the  present 
day  a  skilled  paleontologii^t  can  determine  the  age  of  n  /nuns  with 
mueh  greater  precision.  The  broad  outlines  of  the  evolution  of  most 
groups  of  itnimala  have  now  been  ascertained:  and  when  a  new  set 
of  fossils  is  discovered  in  a  hitherto  unknown  formation,  the  paleon- 
lologiflt  does  not  occupy  himself  so  much  with  the  search  for  familiar 
genera  as  with  an  inquiry  into  tlic  stage  of  evolution  of  the  various, 
groups  represented. 

This  has  been  pointed  out  by  many  authors,  but  none  have  stat 
the  case  more  clearly  than  Gaudry,  who  has  devoted  special  attention^ 
to  the  mammalia.'  The  warm-blooded  quadrupeds  or  iiiiimirnlw^ 
began  aa  little  small-brained  animals,  each  with  a  continuous  serle^^ 
of  bluntly-eusped  teeth  round  the  edge  of  the  mouth,  with  flat — 
tened  vertebra,  and  with  £ve  toes  on  each  foot.  A  group  of  fossil 
remains  representing  only  such  animals  would  be  referrod  to  the 
Eocene  Tertiary;  and  if  some  of  the  species  bad  grown  to  bulky 
■  A.  Gftudry.  Betai  de  Pal^ontvlofi*  Philoaophuruf  (1896),  pp,  17^197. 
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proportions  ftod  developed  boms,  the  fauna  might  be  described 
witboat  hesitjLtion  as  Middle  or  Upper  Eocene.  Groups  of  mAmtnaU 
prognsBivfly  di^ering  from  this  onginnl  race  in  (I)  the  larger  size 
of  the  brain,  (2)  special  adaptation  of  the  teeth  to  fletth-tearing  or 
vegetable-grinding,  (3)  grwitor  mobility  of  the  neck,  and  (4)  adapta- 
tion of  the  feet  cither  to  gnutpjng  prey  or  to  running  on  hard  ground, 
mark  successive  gcoloji^ciLl  periods.  The  general  succession  is  always 
the  same  whatever  may  be  the  local  circumstances;  and  for  this 
reason  it  is  impossible  to  accept  the  publisltcd  concluaons  of  the 
brothers  Ameghino  as  to  the  a^c  of  the  various  mammal-bearing 
Tertiar>'  deposits  of  Patagonia,  The  mammals  of  South  America  are 
certainly  anomaloua,  but  the  marine  fofteils  intercalated  between 
some  of  the  deposits  containing  bones  in  ratagonla  prove  that  the 
rate  of  mammalian  evolution  was  much  the  same  thivre  as  in  other 
lands.  Even  Australia,  which  is  in  many  respects  a  remnant  of  the 
Mesozoic  world,  can  be  readily  recognized  by  its  mammals  as  modern 
T<!rtiar>'.  The  monotremea  are  certainly  a  very  ancient  type,  but 
their  large  brains,  peculiar  skulls,  and  rudimentary  or  lost  teeth 
show  that  they  belong  to  a  far  later  period  than  that  at  which  their 
lowly  tribe  flourished.  Similarly  the  kangaroos  have  highly  special- 
ized teeth  and  feel  which  cannot  l>o  misinterpreted. 

• 

lMation$  io  Cotmitai  Phytia 

While  fosttls  prove  that  the  succession  of  life  during  geological  time 
has  been  essentially  the  same  everywhere,  it  is  still  impoesiblo  to 
determine  exactly  which  faunas  were  contemporaneou9  in  different 
parts  of  the  world.  A  deposit  containing  Carboniferous  fossils,  for 
example,  in  .Australia  was  not  neccasflrily  formed  at  pri^cisely  the 
same  time  as  a  rock  yielding  similar  foastls  in  the  Arctic  regions. 
There  may  have  been  migration,  and  the  Carboniferous  animab  and 
plants  may  have  quitted  the  Austrahan  region  long  before  they 
reached  the  Arctic  Circle,  or  vice  veraa.  To  obviat-e  the  use  of  the 
word  "eontemporaneous"  in  referring  to  Huch  a  case,  Huxley  long 
ago  proposed  the  more  indefinite  adjective  "homotaxial."  which 
postulates  nothing  more  than  the  identity  of  two  rocks  in  their  fossil 
contents;  and  there  la  at  present  no  prospect  of  dixprnsing  with  thift 
provisional  term.  It  is  therefore  unfortunate,  but  true,  that  paleon- 
tology gives  only  very  uncertain  information  about  the  distribution 
of  heat  over  the  surface  of  the  globe  in  past  ages,  It  is  perfectly  clear 
from  fossils  that  climates  have  changed  in  nearly  all  if  not  all  parts 
of  the  world:  it  ia  not  equally  evident  how  these  changes  of  climate 
in  different  regions  were  related  to  each  other. 

Foaailfi,  however,  can  only  be  used  as  tests  of  cUmate  with  special 
cautioD.   When,  by  analogy  with  the  existing  worid  of  life,  a  whole 
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fauna  agrees  with  the  associated  whole  flora  in  indicating  certain 
climatic  conditions,  th<^  mean  temporature  under  which  it  flourishal 
is  doubtlesH  approximately  dpterniinable.  When  the  evidence  is  leas 
nearly  complete,  it  can  hardly  bt?  satiKfartory.  To  appreciate  tliis,  it  is 
mily  ncceseary  t*i  remember  tJiat  a  fowit  elophart,  a  rhinoceros,  and 
a  tiger  have  been  found  in  uiidoubksl  Rlariul  deposits  in  the  arctic 
rej^ons;  while  the  hippopolamua  is  represented  by  abundant  remaiw 
in  the  Pleistocene  river-gravels  of  Englnnd.  which  were  deposiwd 
under  a  by  no  means  wnrm  clime,  l-lven  in  the  case  of  plants,  there  is 
the  oft-quoted  occurrence  of  palms  at  the  present  day  in  the  neigti- 
borhood  of  clacirrs  in  New  Zealand. 

Allowing  for  KUch  difficulties  and  uncertainties,  the  general  inference 
to  be  deduced  from  all  the  available  c\'idenco  of  fossils  is,  perhaps, 
timt  until  the  end  of  the  Mcaozoic  period  the  difference  of  mean  tem- 
perature between  the  various  latitudes  was  much  less  than  it  is  at 
present.  Paleontology  suggests,  indeed,  that  the  polar  icecaps 
were  comparatively  insigTiificftnt  until  the  latter  half  of  the  TertJary 
period.  Fosals  of  mjiny  ages,  indicating  at  least  a  temperate  climate, 
have  long  been  known  within  the  Arctic  Circle;'  and  similar  discov- 
pries  have  just  begun  in  the  iee-bound  Anlaretie  regions.  TheSwedlsh 
Antarctic  expedition  has  broi^ht  back  from  Lout»-Philip|ie  Land  in 
S.  lat.  63"  15'  a  aeries  of  Jurassic  ferns,  cycads.  and  conifers.  wbicJi, 
according  to  Profeesor  Nathoret,'  might  have  been  colIect«i  in  the 
Inferior  Oolite  of  the  Yorkshire  coast.  Tlie  same  expedition  has  also 
obtained  remains  of  ferns,  conifers,  and  dicotyledons  from  a  Tertiary 
formation  in  S.  lat.  64'  IB'.  In  this  case,  however,  the  foaaila  were 
found  in  a  marine  deposit  and  may  possibly  have  been  drifted  for 
a  long  distance.  As  remarked  by  Professor  Nalhorat.'  "Tlie  dred^- 
Inga  of  Dr.  Agasas  have  proved  that  a  mass  of  leaves,  wood,  and 
fruits  may  occur  at  the  bottom  of  the  sea  even  at  a  distAnce  of  more 
than  1000  kilometers  from  the  nearest  land."  Hence  it  must  be 
left  for  future  discoverie-s  to  decide  whether  or  not  the  Tertiary  Ant- 
arctic plants  actually  grew  in  the  latitude  where  they  were  found. 

While  thua  nf  some  value  in  indicating  onlinary  climata!  changes, 
fossils  do  not  date  back  far  enough  to  be  considered  in  relation  to  any 
of  the  fundamental  probicmfi  of  cosmogony.  It  has  been  ingeniously 
argued*  that  life  must  have  originated  at  the  poles  because  (base 
regions  cooled  first;  and  some  authors  have  maintained  that  eren 
during  the  Tertiary  period  fossits  prove  the  land  within  the  Arctic 
Circle  to  have  been  the  main  centre  from  which  successive  new  types 


'  J.W-  Gr*Kory,  Samt  Problems  o/  ArHieOtoSogy.  Sahirf.  vol. S«  (1807),  pp. 301- 

atn,  SRI  va. 

vol.  138,  pp.  XUl-Ura  (June  fi.  ie041. 

•  Lcc.  rit.  p.  1450. 

*  C.  Uilton  Scribn«.  Whtrcdid  Lift  hq/int  (ed.  2.  New  York.  1903). 
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of  life  arose  and  diepcrsed.  The  oldest  known  fossils,  however,  occur 
in  rockfl  at  the  hose  of  the  CAmbriaa  Beiies,  both  in  tbo  tropics  and  in 
the  far  north;  and  there  is  as  yet  no  means  of  detcrimnirig  whether 
the  animals  represented  by  those  fossils  spread  from  the  north,  south, 
or  equatorial  regions,  or  frum  several  points.  There  is  thus  no  direct 
evidence  from  fossils  for  or  against  the  theory  of  the  polar  ori^n  of 
life.  The  facts  supposed  to  show  that  the  same  area  continued  to  be 
a  source  of  new  organisms  even  until  the  later  Tertiary  period  admit 
of  other  interpretations  wliich  are  in  better  accord  with  the  newest 
discoveries. 

Even  of  changes  wlijcli  nmy  have  oeourred  nace  the  globe  became 
habitable,  fossils  furnish  no  reliable  indications.  Professor  G.  H.  Dar- 
win's theory  of  the  former  magnitude  of  the  tides  is  as  completely 
unsupported  by  paleontology  as  by  geology.  The  idea  that  the 
earth's  Atmosphere  has  gradually  altered  in  constitution  since  life 
began  \s  equally  destitute  of  support  from  fossils.  The  microooopical 
structure  of  the  leave-s  of  the  Carboniferous  plants  suggests  that  even 
at  so  remote  a  jieriod  as  that  when  they  flourished,  the  air  was  essen- 
tially identical  with  that  of  the  present  day,  without  any  superfluity 
of  carbon  dioxide  or  anything  to  obstruct  the  full  influence  of  the 
bud's  rays.' 

Rdaliont  to  GfOffraphy 

So  far  as  can  be  judged  at  present,  paleontology  justifies  the 
assumption  that  each  type  of  animal  or  plant  has  only  ori^nated 
once  and  from  one  set  of  ancestors.  Fosnils  can  thereforn  be  used  as 
&□  aid  to  the  solution  of  geographical  problems.  If  a  more  or  less 
sedentflTy  group  of  animals  is  found  to  be  essentially  identical  in  two 
widely  separated  sens,  it  may  be  reasonably  assumed  cither  that  those 
seas  wore  once  connected,  or  that  they  received  their  life  from  a  com- 
mon source.  Similarly,  if  two  distant  tracts  of  land  arc  inhabiw-d  by 
the  same  animals  and  plants,  and  there  is  no  possibility  at  pn-wnt 
of  migration  between  these  two  regions,  a  former  connection  cither 
with  each  other  or  with  a  common  centre  may  also  be  postulftted. 
The  same  is  true  in  reference  to  all  periods  of  the  earth's  history,  and 
hence  the  varying  distribution  of  fossils  at  different  epochs  affords 
a  clue  to  the  successive  changes  in  the  disposition  of  lands  and  scus, 
gradually  culminating  in  their  present  arrangement. 

For  instance,  it  has  been  lately  noticed  '  that  the  moUusca  living 
on  the  two  opposite  coasts  of  the  North  Pacific  during  the  Pliocene 
period  were  much  more  nearly  identical  than  they  are  at  the  present 

■  A.  C.  RetrtunJ,  Fount  Planta  as  Tats  of  ClimtsU  [Sr4gv\ch  Prixt  £ttay,  lS9'i), 
pp.  71-76. 

*  H.  Amolid,  Tht  PaUtmtobm  and  Strt^raphv  of  ihr  Marine  Pliocene  and 
PltitUffne  oi  San  Ptdro,  CaHtonia.  Uemoira  of  the  Calif.  Acful.  Sci.,  vol,  iii 
UMB). 
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day.  In  other  words,  the  coart-Une  seems  to  have  been  continuous 
at  thut  time,  a  neck  of  land  uniting  Asia  and  North  America  where 
now  there  exietB  the  Bering  Strait.  The  Pliocene  land-animals  of  the 
northern  hemisphere  agree  in  suggesting  the  same  connection.  Heooe, 
the  ultimate  Reparation  of  the  so-called  Old  and  New  Worlds  is  shown 
by  foBsils  to  be  quite  a  modem  event  in  geological  history. 

Again,  it  has  been  proved  by  recent  rcflcarchcs  '  that  the  mollaaks, 
bnichiopods,  and  trilobitee  found  in  the  Devonian  rocks  of  South 
Africa,  agree  much  more  closely  with  those  occurring  in  the  corre- 
sponding formations  of  South  and  North  America  than  with  those  ol 
Europe.  The  South  African  eea  in  the  Devonian  period  sccma  there- 
fore to  ha^-c  extended  directly  into  the  American  region,  but  to  have 
been  separated  by  a  barrier  from  the  European  region.  Similarlf, 
there  is  evidence  of  circumscribed  seaa  separated  by  land-barriers  in 
Ibo  Triassic,  Jurassic,  and  other  epochs;  and  when  the  fossls  from  all 
parts  are  suf&cientty  well  known,  it  will  be  possible  to  determine  even 
some  of  the  minor  geographical  features  of  each  succcBsive  period. 

To  restore  the  old  continents  and  to  discover  their  varying  connec- 
tions and  disintegrations  is  an  especially  fascinating  problem.  A 
means  of  solution  is  provided  by  the  various  terrestrial  vertebrates, 
which,  under  ordinary  eircumslances,  arc  unable  to  cross  seas.  When 
a  new  race  suddenly  appears  in  any  land,  it  obviously  impLiefl  Uie 
removal  of  the  barrier  which  pre%'ioualy  prevented  that  race  from 
spreading,  The  primitive  elephants,  for  example,  suddenly  invadwi 
Europe  at  the  beginning  of  the  Miocene  period.  Recent  discoverie* 
in  the  Egyptian  desert  have  proved  that  their  ancestors  lived  and 
evolved  iu  tin?  Eocene  and  Oligocene  periods  in  northern  Africa.* 
Therefore,  during  this  earlier  time,  the  European  and  African  regiona 
were  separated  by  some  barrier,  doubtless  the  sea;  at  the  dawn  of 
the  Miocene  period  eaith-movements  of  some  kind  resulted  in  a  laad 
connection  over  which  mammals  could  migrate. 

The  use  of  terrestrial  vertebrates  ir  deciphering  the  past  history 
of  conlinents  is,  however,  leas  simple  than  it  may  at  first  sight  appear; 
and  the  case  of  South  America  may  be  quoted  as  an  interesting  illa»- 
tration.  With  reference  to  the  latest  phases  in  the  development  of 
this  land,  only  two  main  concluaiotis  arc  well  founded.  The  first  fact 
to  notice  is  that,  of  the  jaguars,  pumas,  wolves,  bears,  tapirs,  deer  and 
llamas,  which  now  characterize  South  America,  and  of  the  maartodODs 
and  horses  which  hved  there  in  the  Pleistocene  period,  there  are  no 
remains  in  the  geological  formations  of  that  country  beJow  the  top 
of  the  Pliocene.  Ht-nce,  as  representativx-s  of  all  these  quadrupeds 
lived  at  an  earlier  date  in  North  America,  there  must  have  been  some 

*  F.  R.  C.  Reed  nnd  P.  Lake,  Ann.  S.  AJrwan  \t\imtm,  vol.  iv,  pta.  3;  4,  S 
<1903-CM). 

*  C.  W.  Andrewi,  "On  the  Evolution  of  the  Probcvcidca,"  Pint.  Trant.  IW, 
on-  B.  217. 
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barrier,  evidently  a  sea,  which  8eparat«d  Uie  northern  and  Boathern 
parts  of  America  during  the  greater  part  of  the  Tcrtiarj'  npoch,  and 
only  disappeared  to  allow  the  free  migration  of  land  animals  towards 
the  cloee  of  the  Pliocene  period.  The  removal  of  this  barrier,  which  is 
also  indicated  by  purely  geological  ro»oarche8,  resulted  thus  in  a 
mingjing  of  the  native  South  Amcrieaa  Tertiarj'  fauna  with  a  host  of 
invaders,  whose  ancestors  flourished  on  the  lands  of  the  northern 
hemispiiere.  In  other  words,  (he  surviving  land  animnls  of  South 
Atneriea  have  been  derived  from  two  sources  —  some  from  the  native 
stock  which  evolved  in  the  country  itself  during  the  Tertiary  epoch, 
■pomo  from  the  late  Pliocene  invasion  of  nurth<.<m  life.  Now,  the  native 
'Moek  ju»t  mentioned  is  of  uncurtain  origin,  but  in  its  prime  It  in- 
cluded the  New  World  monkeys,  many  peculiar  rodents,  the  sloths, 
snteaters.  and  armadillos,  and  uumcruua  remarkable  hoofed  animals 
—  BltogeiUer  an  assemblage  unknown  in  any  other  region  of  the 
world.  Therefore,  it  seems  imposaible  to  escape  from  tlie  further 
conf^Iuaion  that  during  the  greatiPr  part  of  the  tarly  Tertiary  *poch 
South  America  was  an  isoialwi  land,  and  its  mammalB  dt-voloped 
independently  of  those  of  other  continents.  On  the  other  band,  it  is 
u>  be  observed  that  during  part  of  this  time  there  lived  in  South 
America  several  primitive  carnivorous  animals,  perhaps  marsupials, 
which  were  most  strikingly  similar  to  the  thylacines  and  dasyurea 
of  the  Australian  region.  There  was  also  a  horned  land-tortoise, 
Miola-nia,  essentially  identical  with  one  of  which  spet'ies  occur  in  the 
Pleistocene  deposits  of  Australia  and  Lnnl  Howe's  Island.  Finally, 
there  was  the  familiar  mud-fish,  Crratodua,  whit-h  now  survives  only 
in  the  Queensland  rivers.  It  haa  thrri-fore  bL-cn  thought  that  the 
occurrence  of  remains  of  these  animals  among  the  Tertiary  fossils  of 
South  America  favors  the  thftory  of  a  former  land-connection  be- 
tween that  country'  and  Australia.  In  fact,  they  are  sometimes 
quot^l  as  helping  to  confirm  the  hypotlipsis  of  the  former  existence 
of  a  great  Antarctic  continent,  which  has  broken  up  into  the  lands 
now  known  as  Austniha,  New  Zealand,  South  Africa,  and  South  Amer- 
ica. The  sun-iving  thylacines  of  the  Australian  region,  however,  are 
the  very  slightly  altered  descendants  of  a  race  of  small-brained,  prim- 
itive carnivores,  which  are  known  to  have  lived  throughout  the 
norlhem  hemisphere,  and  were  probably  cosmopolitan  at  the  begin- 
ning of  the  Tertiary  epoch.  The  Middle  Tertiary  ramivorcs  of  South 
America  and  the  modem  thyla«iiics  of  Australia  may,  therefore,  be 
merely  the  last  survivors  of  an  effete  race,  which  was  exterminated 
cariy  at  all  points  except  the  two  extremes  of  its  once  extenave 
range.  Similarly,  Mifilania  in  a  horned  and  armored  member  of  a  sub- 
order of  tortoises  (Plturodira) ,  which  was  probably  almost  an  nearly 
coamnpolitan  at  the  end  of  the  Mesnioic  and  beginning  of  the  Tertiary 
epoch  aa  ia  the  subortier  of  Cryptodiran  tortoises  in  the  existing  world. 
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Ceratodtu  was  also  universally  distributed  in  the  waters,  probably 
even  in  the  seas,  of  the  middle  part  of  the  Xreaosoio  epoch.  So  that 
in  each  of  thesa  three  eaeea  AustTSlia  and  South  America  may  be 
merely  refugea  for  old  forma  of  life  which  »-erc  lost  much  earlier  by 
extinction  in  other  parts  of  the  world.  They  need  not  have  been 
directly  connecUwl. 

In  short,  when  using  land  animals  or  fresh-water  animals  as  teste 
of  former  charigeii  in  the  di.ttnbution  and  connection  of  land  areas, 
it  is  necessary  to  make  a  distinction  between  those  of  reBtrieted  rangf 
and  those  of  past  or  present  cotiiDopolitan  distribution,  the'fonocr 
alone  affording  reliable  evidence. 

Hdatiom  to  Biciogy 

It  IB  already  clear  that  the  scientific  value  of  a  fossil  depends  upon 
the  cxactne«B  with  which  the  circura»tancos  of  its  discovery  are 
determined  by  a  geologist.  The  briefest  experience  Is  also  enough  t« 
demonstrate  that  the  wclI-mintTulixed  remains  of  an  organism  can 
only  be  satisfactonly  interpreted  by  an  obHerver  who  is  familiar 
with  the  structure  of  rocks  and  their  common  cooatituents.  Tbt 
student  of  fossils  needs  as  much  elementary  training  In  the  geological 
gucceesion  of  the  rocks  and  the  varied  nature  of  mineralizalioa  as 
the  student  of  histology  and  embryology  requires  to  locate  his 
aeclions  with  exactitude,  and  to  understand  the  action  of  the  difTerent 
stains  and  media  he  employis.  In  the  one  case  nature  makes  the 
preparation;  in  the  other  ca«c  the  processes  of  laboratory  lechniquc 
are  responsible  for  the  difficulties.  In  both  cases,  there  is  scope  for 
numerous  fantastic  conclusions  if  the  properties  of  the  preservative 
medium  are  miauuderstood. 

Paleontology,  however,  is  essentially  a  department  of  biology, 
and  it  cjtn  only  l>o  prosecuted  with  success  by  a  skilled  biologist, 
who  has  hat.!  the  elementary  geological  and  mineralogical  experience 
just  mentioned.  It  bears,  indeed,  the  same  relation  to  the  wbde 
world  of  life  that  embryology  bears  lu  the  strueture  of  an  individual 
organism.  The  one  deals  with  the  rise  and  growth  of  races  and  ih«r 
vHjying  relationships;  the  other  describes  and  interprets  the  evolu* 
tion  of  an  individual  and  the  processes  by  which  the  diffc-n^nt  parts 
of  ita  mechanism  are  finally  adjusted.  Both  utifortuimtely  dcpcad 
on  extremely  imperfect  material;  for  fossUs  eic  nearly  always  mere 
badly  preserved  ski-Ietons,  and  th«^  reprenent  only  an  infinitesimal 
fraction  of  the  life  that  has  paase^l  away,  while  embryos  are  so  mueh 
adapted  to  the  peculiar  circumstances  of  their  environmMit  that 
many  of  the  essentifll  staf!:es  iti  their  growth  and  development  are 
obscured  and  modified  by  temporary  expedient.!). 

The  past  history  of  the  world  of  life,  as  revealed  by  fossils,  hiM 
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long  bcf:)i  familiar  in  its  general  outlines.     At  least  a  cpntury  has 

eiapeed  since  it  waa  made  clear  that  the  vaiious  DrganiHtne  come  into 

existence  at  different  times  arid  in  a  definite  order,  according  to  their 

grade  in  the  scale  of  being,  the  lowest  first,  the  highest  latest.  Soveral 

decades  have  aJtjo  paased  awiiy  sini'o  it  wus  reeogmxed  that  within 

each  group  the  lowest  or  nicsl  generalized  members  appeared  earliegt, 

the  highest,  most  specialized^  or  motit  degenerate  towards  the  end  or 

the  race.    Modem  research  is  concerned  only  with  the  details  of  this 

succession,  and  with  the  laws  whith  can  now  be  deduced  from  the 

rapidly  multiplying  available  facts. 

Our  present  knowledge  of  the  geological  succesaion  of  the  fished 
znay  be  briefly  sunmiarizpd  to  show  hdw  paleontology  coiilrihutes 
to  the  Bofulion  of  the  fundamental  problems  of  biology.  The  earliest 
xetwgmzable  lish-Iike  organisms,  which  occur  in  Upper  Silurian 
formations,  secui  tu  have  bt-eu  mere  grovelers  in  the  mud  of  sliaUow 
seas,  nearly  all  with  incompletely  formed  jaws  and  no  paired  fins, 
devoting  moBt  of  their  p'owth-enerftj'  to  the  production  of  an  effective 
armor  by  the  fumioii  of  dermal  tuhprelps  into  plates  {Ogtraeodermi). 
With  them  were  a  few  true  fishes  which  had  completed  jaws,  but 
which  possessed  a  pair  nf  lateral  fin-folds,  variously  aubdivided,  in- 
etead  of  the  ordinary  two  pairs  of  fins  (DiplacanlJi  Acuittkodii).  The 
main  features  of  SiJiirian  lish^Iife  were,  therefore,  the  acquisition  of 
dermal  armor,  definite  jaws,  and  the  bepnninK  of  paired  fins.  Some 
of  the  lowly  types  thus  equipped  survived  and  further  evolved  in  the 
Devonian  period;  but  the  multitude  of  new-comers  which  then 
formed  the  majority  were  much  higher  in  the  Bcale  of  being  (Crosso- 
pterygii).  They  wcrr  still  adapted  for  the  most  part  to  live  on  the  botr 
torn  of  shallow  water  or  in  marshes,  but  they  were  typical  well-formed 
fishes  in  respect  to  their  jaws,  branchial  apparatus,  and  two  pairs  of 
fins.  Nearly  all  their  bones  were  external,  very  littl*'  of  their  internal 
skeleton  being  ossified ;  and  the  only  changes  tbey  seem  to  have  been 
undergoing  related  to  the  fu.sion  of  some  of  the  head-lMines  and  the 
more  exact  adaptation  of  their  fins  and  tail  to  their  environment. 
Fi&liea  more  fittwi  for  sustained  swimming  were  also  bcginnint^  to 
appear,  and  th(;»c  U'almoniacidn)  formed  the  iargt:  majority  in  the 
succeeding  Carboniferoua  and  Permian  periods.  They  were  about 
equivalent  in  grade  to  the  modern  sturgeons,  and  the  tendency  to- 
ward* change  in  their  structure  was  in  the  direction  of  effective 
Bwimming,  by  the  more  intimate  correlation  between  the  fin-raya  and 
their  eupjwrta,  and  by  the  shortening  of  the  upper  lobe  of  the  tail. 
Tbey  stiU  exhibited  (scarcely  any  ossification  of  the  internal  skeleton. 
Aa  soon  as  the  best  type  of  balancing-fin  and  the  most  effective  type 
nf  propelling  tail-fin  had  become  universal  among  the  highest  fish-life 
of  the  Tria.ssie  period,  the  internal  skeleton  began  to  ossify  and  ver- 
tebra] centra  arose.    In  fact,  the  whoU  of  ^^  succeeding  Jurasslu 
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perifxi  was  spent  by  the  highest  fishes  id  improving  and  finiflhing 
tbeir  iiikrnnl  skeleton,  while  their  external  bony  armor  beg&n  alniMt 
universally  to  degenerate.  Thus,  by  the  early  part  of  the  Cretaceous 
period  the  most  advan<>ed  members  of  the  class  had  already  become 
bTie  lK)ny  fishes  or  Telecstmns,  Having  attained  that  stage  of  com- 
plexity they  admitted  of  much  more  variation  than  formerly,  and 
then  arose  the  immense  host  of  fishes  which  characterise  the  Tertiary 
pfaiod  and  tin;  prraeiit  day.  For  the  first  time  in  fiab-histor>',  lhe» 
were  fundaiufutal  clianftes  iu  the  head.  IHrat,  in  some  genera  tbe 
maxilla  began  to  slip  behind  and  above  the  premaxilla,  eo  that  it  was 
excluded  from  the  gape.  Next,  in  these  and  most  other  fishes,  the 
Har-capfluien  began  to  enlarge  to  .such  an  extent  that  the  original  roof 
of  the  brain-case  eventually  formed  only  an  inagnificoDt  part  of  the 
top  of  the  skull.  At  the  eame  time  the  lateral  miisclca  of  the  trunk 
extended  forward  over  the  cranial  roof,  and  various  crests  aroeo 
between  them.  Finally,  it  was  quite  common  for  the  pelvic  fins  to  be 
displaced  forward  beneath  the  pectoral  fins,  while  the  vertehne,  as 
well  Hft  somp  of  the  fin-rnys,  were  usually  reduced  to  a  definite  sod 
fixed  number  for  each  family  or  genus.  Simullaneously,  many  of 
the  fin-rays  were  modified  into  spines,  and  there  was  a  constant  tend- 
ency for  the  external  bones  and  acalca  to  become  spuaose.  At  &n 
staRcs  of  this  progress  there  were,  of  course,  stragglers  left  by  the  way ; 
and  the  modern  tish-fiiuna  is,  therefore,  a  mixture  of  6ligh||y  modified 
Bur\*ivors  of  many  periods  in  the  earth's  history. 

To  state  this  brief  summary  in  more  general  terras,  fnssils  prove 
that  the  earliest  known  fish-like  organisms  strengthened  their  external 
armor  so  long  as  they  remained  comparatively  sedentary;  that  next 
tho  most  progressive  mcmbore  of  the  class  began  to  acquire  bett«r 
powers  of  locomotion,  and  eoncentratcd  all  their  growth-energy  on 
the  elaboration  of  fins;  that,  after  th<*  perfection  of  these  organs,  the 
internal  bony  skeleton  was  completed  at  the  sacrifice  of  outer  plate*, 
because  rapid  movement  neceasitated  a  flexible  body  and  rendered 
external  armor  less  useful ;  that  finally,  in  the  highest  types,  the  ver- 
tcbrro  and  some  of  the  fin-rays  were  reduced  to  a  fixed  and  praeticallT 
invariable  number  for  each  family  or  genus,  while  there  was  a  remark- 
able development  of  spines.  As  survivors  of  most  of  these  stages  stiD 
exist,  the  changes  in  the  soft  parts  which  accompanied  the  successive 
advances  in  the  skeleton  can  be  inferred.  Hence,  paleontology  fur- 
nishes a  sure  basis  for  a  natural  classification  in  complete  accord  with 
the  development  of  the  group. 

Now,  fishes  are  aquatic  animals  and  nearly  all  the  fawiliferous 
rocks  were  deposited  in  water.  The  past  history  of  this  chain  (rf  life 
ought  therefore  to  be  almost  completely  revealed  by  the  geological 
records.  Making  due  allowance  for  the  imperfection  of  collectiooa  and 
the  ac^cidenta]  nature  of  the  discovery  of  fossils,  the  general  outlinn 
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of  this  history  may  indeed  be  considpred  as  tolerably  well  ascertained. 
Thus  the  facts  of  paleontology  not  only  aid  the  biologist  in  discov- 
i-ring  the  true  rptationships  of  the  fiiihaa;  ut  thu  sumu  tiiui;  they 
afford  a  definite  mcana  of  dctcmiiiiing  with  certainty  Honti*  of  the 
fundamental  principles  of  organic  evol'Ution  illuatrated  by  them. 
As  identical  principles  may  be  deduced  from  other  departmpnts 
of  paieontologj',  most  of  them  are  not  likely  to  be  altered  in  any 
essential  respects  by  futwre  discoveries. 

It  must  suffice  here  to  allude  only  to  a  few  of  these  general  results 
which  seem  to  be  of  far-reaching  importance,  omitting  details  which 
in»y  be  obtained  from  special  treatises,  Foremost  among  them  is  the 
demonstration  that  the  evolution  of  the  animal  world  has  not  pnv 
ceeded  uniformly  but  in  a  rhythmic  manner.   As  soon  as  fishes  had 
acquired  the  pad dle-.'^h aped  paired  fins,  they  suddenly  became  the 
special  feature  of  the  Devonian  period  in  all  parts  of  the  gloljc  that 
have  hitherto  been  gcologieally  examined,  and  they  attained  their 
maximum  development,  being  more  numerous  and  more  diverse  in 
forni  than  at  any  subsequent  time.  None  of  these  paddlo-finncd  fishes 
{CTO$»opUrygii)  in  the  course  of  their  varied  development  made  much 
apjnroAcb  towards  passing  into  the  next  grade  of  fish-life  wnth  short- 
based  paired  fins  and  a  heteroccrcal  tail  (CkondTostei) ;   but  among 
their  earliest  representatives  there  was  at  least  one  memlrer  of  the 
higher  group,  which  suggcets  that  the  latter  arose  when  the  previoua 
group  was  just  becoming  vigorous.  At  the  beginning  of  the  Carbon- 
iferous period  the  higher  grade  of  fish-life  just  mentioned  auddenly 
>x>ram(>  the  doiiiinaut  feature,  and  during  the  Carboniferous  and 
PennittQ  it  attained  its  maximum  development.    Towards  the  close 
«>f  the  Permian  period  the  next  higher  group  was  heralded  by  only  one 
TcpreseotAtive,  but  as  soon  as  it  arose  in  the  Trias  it  reeembted  its 
'predecessors  in  becoming  immediately  dominant,  surpassing  all  con- 
temporar)'  races  of  fishes  both  in  the  number  of  individuals  and  in  the 
variety  of  genera  and  apoeies.    lu  the  Cretaceous  period  the  highest 
l)ony  fishes  appimred,  and  at  the  end  of  that  period,  with  the  dawn  of 
the  Tertiary,  they  suddenly  diverged  into  nearly  all  the  subdivisions 
which  characterise  the  existing  fish-fauna,  accomplishing  much  more 
evolution  in  a  brief  interval  than  has  taken  place  during  the  whole  of 
the  succeeding  Tertiary  time.    In  short,  the  fundamental  advances 
in  the  grade  of  fiah-life  have  always  been  sudden  aud  begun  with  ex- 
cessive vigor  at  the  end  of  a  long  period  of  apparent  stagnation;  while 
each  advance  has  been  marked  by  the  fixed  and  definite  acquisition 
of  dome  new  character  —  an  "expression  point."  as  Cope  termed  it  — 
which  seems  to  have  rendered  possible,  or  at  least  been  an  essential 
accompaniment  of,  &  frceli  outburst  of  dcvelopment-al  energy.  As  we 
have  seen,  the  successive  "expresaion  pointa"  among  fisliea  were  the 
acquisition  of  (1)  paddle-like  paired  fins,  (2)  shortened  lln-basea  but 
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ptreistetit  heterocereal  tail,  (3)  coroi^eted  balaccing-fins  and  homo^ 
cereal  tail,  and  {4)  completed  internal  skeleton. 

When  fossils  are  examined  more  elosely,  it  is  interestjag  to  oljeervf 
that  the  geological  record  is  mtisL  incomplol*  exactly  at  tliese  critical 
points  in  the  history  of  each  race.  Tiiere  are  abundant  remains  of  the 
families  and  genera  which  are  definitely  referable  to  one  or  other 
order  or  suborder;  but  viiih  them  there  are  scarcely  any  of  the  iinki 
between  these  major  divisiona  which  might  have  been  expoct«l  to 
ocfur.  It  niUHt  alwi  be  confessed  thai  repeated  discoveries  have  now 
left  faint  hope  that  exact  and  gradual  links  will  ever  be  forthcoming 
between  most  of  the  families  and  Kcnera.  The  "imperfection  of  the 
record,"  of  course,  may  still  render  some  of  the  negative  e\Tdcnec 
tintrustworthy ;  but  even  approxiniat'C  links  would  be  much  com- 
moner in  collections  than  they  actually  are,  if  the  doctrine  of  gradual 
evolution  were  correct.  Paleontologj',  inde(?d,  is  elearly  in  favor  of 
the  theory  of  diticonlinuous  mutation ,  or  advance  by  sudden  changes, 
which  has  lately  received  »o  much  support  from  the  botanical  expcii- 
ments  of  H.  do  Vrics. 

Further  results  obtained  from  the  study  of  foeeils  have  a  bearing 
even  on  the  deepest  problems  of  biologj- ,  namely,  those  connected  ailh 
the  nature  of  life  itaelf.  For  instance,  it  is  allowable  to  infer,  from 
tlie  statements  already  made,  that  the  main  fuctor  in  the  evolution  of 
urganiHms  issomc  Inherent  impulse  —  the'-  buthmic  force"  of  Cope  — 
which  acts  with  unerring  certainty,  whatever  be  the  conditions  of  the 
moment.  So  far  as  human  judfiment  can  decide,  the  varied  assemWap! 
of  fishes  at  each  stage  of  the  earth's  history  was  always  in  perfect 
accord  with  its  environment,  and  displayed  ve-ry  few  signs  of  waning, 
even  at  the  time  when  a  new  race  suddenly  took  its  place  and  pro- 
vided every  kind  of  fish  nnce  more  on  a  higher  plane  or,  so  to  apeak,  in 
tt  later  fashion.  The  change  was  inevitable  and  according  to  9>tnc 
fundamental  law  of  life  whose  influence  is  independent  of  temporan' 
equilibrium.  iLqually  inevitable  and  irreveTsible  are  the  essential 
phangp.s  which  may  be  observed  during  the  evolution  of  each  family 
nf  organism.'*.  As  the  late  Professor  fieccher  pnintetl  out,'  all  unimah 
with  skeletons  tend  to  produce  a  superfluity  of  dead  matter  whiet 
accumulates  tn  the  form  of  spines  as  soon  as  the  race  to  which  they 
ijelong  has  passed  its  prime  and  begins  to  be  on  the  down  grade;  all 
vertebrates  tend  to  lose  their  teeth  when  they  reach  the  culmination 
of  their  life-history;  nearly  all  groups  of  fishes  end  their  carver  wiUi 
col-shaped  representatives;  and  when  a  structural  character  ha*  been 
definitely  lost  in  the  course  of  evolution  Jt  ne\'er  reappear*,  hut,  ii 
actually  wanted  again,  is  reproduced  in  a  secondary  makeshift 
Finally,  and  perhaps  most  important  of  all,  there  is  in  the  course  of 

'  C.  E.  BcwictMT,  Tki  Oriaia  and  Significance  o}  Spine*.  .dnMr.  Joitrn.  Sfi-  W 
vol.  Ti  (1898).  July  to  October. 
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evolution  of  all  groups  of  anim&ls  to  their  prime  a  tendency  towards 
fixity  in  the  number  and  rcpularity  (or  symmetrj-)  in  arrftnecincnt  of 
their  multipl*?  part*.  The  assumption  of  n  fixod  number  of  vort^^brse 
and  fin^rays  in  the  latest  and  highest  families  and  genern  of  bony 
fishrs  has  already  Ijpph  mentioned.  An  irregular  cluster  of  grinding 
topth  rhiiract<rrized  the  Pycnodont  fishos  of  th«  Lower  Lias,  while 
these  teeth  began  to  br  disposed  indefinite  n'Rular  rows  in  nome  of  the 
Bathonian  fonns,  and  such  a  eymmetrical  arraagcmont  henceforth 
pervaded  the  highest  members  of  the  family.  Many  of  the  lower  ver- 
tebrates, both  living  and  extinct,  have  teeth  with  multiplied  cusps, 
and  in  some  genera  the  number  of  teeth  seems  tn  he  constant;  but  in 
the  histnn,-  of  the  vertebrates  the  tooth-cusps  never  became  fixed 
iodividual  entities,  etrictly  homologous  in  whole  races,  until  the  high- 
est or  mammalian  erado  had  been  attained.  Moreover,  it  is  only  in 
thcsamelflt'est  phase  that  the  teeth  themselves  can  be  trcatod  asdcSn- 
ite  units,  always  the  same  in  number  (44),  except  where  modified  by 
degeneration  or  special  adaptation.  The  number  of  vertebrae  in  the 
neck  of  the  lower  vertebrates  depend.s  on  the  extent  of  this  part, 
whereas  in  the  mammal  it  is  almost  invariably  8e\'en,  whatever  the 
totAl  length  may  be.  Equally  constant  in  the  artiodactyl  ungulate 
mammalia  is  the  number  of  nineteen  vortebrtc  between  the  neck  and 
[ho  ^Acrum. 

lu  short,  the  biolopist  equipped  with  an  adequate  knowledge  of 
paleontology  cannot  fail  I.o  perceive  that  throughout  the  evolution  of 
Ibc  organic  world  there  has  been  a  periodical  succession  of  impulses, 
each  introducing  not  only  a  higher  grade  of  life  but  also  fixing  some 
essential  characters  that  bad  been  variable  in  the  grade  immediately 
below.  He  must  also  realize  that  in  the  interval  between  these  im- 
pulses some  minor  characters  in  the  familieB  similarly  acquired  fixity 
in  their  prime,  until  old  age  and  extinction  approached.  Tlie  general 
<Tonclusion  is,  that  if  the  unknown  influence  which  Cope  has  termed 
"bathmic  force"  were  able  to  act  without  a  succession  of  checks  from 
the  environment  and  Natural  Selection,  animals  would  form  much 
more  symmetriral  groups  than  we  actually  find,  and  their  ultimate 
grades  would  display  slill  more  instances  of  numerical  fixity  in  multi- 
ple part*  than  can  be  obstrved  under  oxiKtlng  circumstanLH-s. 

This  result  almost  t<.-mpl^  a  paleontologist  to  risk  the  pitfalls  of 
rcaBoning  from  analog;>'.  and  to  compare  organic  evolution  with  some 
purely  physical  processes.  It  has  already  been  pointed  out  more  tlian 
once  that  the  initial  stages  of  animal  races  resemble  the  nascent 
states  of  chemical  elements  in  their  particular  intensity  of  vigor  and 
unwonted  susceptibility  to  influence;  while  Cope  hiinsetf  has  hinted 
that  the  "expresMioii  pointa"  in  the  p\'olution  of  races  may  perhaps 
\x  compared  with  the  phenomena  of  latent  heat  in  the  organic  world. 
It  now  seems  reasonable  to  add  that  each  "phylum,"  or  separate 
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chain  of  life,  t)eare  a  ntxiking  reKcniblance  to  &  oiystaJ  of  some  inor- 
ganic subntancc,  which  has  been  disturbed  by  Impurities  during  it« 
frruwtb,  and  has  Uiua  been  faishioncd  with  unequal  faces  or  even 
turned  partly  into  a  mere  concretion.  In  tJic  case  of  a  co'stal,  the 
inherent  forces  act  solely  upon  molecules  of  the  erystalline  substance 
itself,  collecting  them  and  striving  even  in  a  disturbing  environment 
to  arrange  them  in  a  fixed  geometrical  shape.  In  the  ease  of  an  or- 
ganic phylum,  the  inherent  forces  of  the  colloid  germ-plasm  act  upon 
a  consecutive  eerier  of  temporary  outgrowths  or  excrescences  of  col- 
loid eubstancv  [the  successive  individual  bodies  or  "somatu"),  strug- 
gling not  for  geometrically  arranged  boundaries,  but  towards  various 
other  symmetries  and  a  fixity  in  number  of  multiple  parte.  J*aleon- 
tology  thus  contribute**  to  biology  by  plncing  the  oft-repeated  com- 
parison of  life  with  crystallization  in  an  entirely  new  light. 


f 
■ 


Reiationt  to  Sociology 

It  is  to  bo  noticed  that  when  the  extreme  of  bodily  evolution  had 
been  reached  by  the  production  of  n  mammal,  the  final  real  advance 
in  the  world  of  life  was  a  gradual  increase  In  the  effectiveness  of  the 
controlling  nervous  centre  or  brain.  Then,  for  the  first  time  in  the  his- 
tory of  the  globe,  brain  rather  than  bodily  state  determined  the  sm-. 
rival  of  the  fittest.  In  fact,  it  is  clear  that  mental  attributes  tmv 
olowly  arisen  in  obedience  to  the  same  I&ws  which  controlled  th 

advance  of  the  animal  frame  itself.    Such  being  the  case,  it  is  not  sur 

prising  tlmt  the  highest  use  of  these  attributes  by  man  should  resul^^ 
in  the  arrangement  of  communities  and  methods  of  advancemen^E: 

■which  strictly  conform  to  the  la^vs  discovered  by  the  paleontolopst  

As  Herbert  Spencer,  indeed,  has  weJl  said,  "  All  social  phenomena  ajgg 

phenomena  of  life  —  ore  the  most  complex  manifestations  of  life 

must  conform  to  the  laws  of  life  —  and  can  be  understood  only  when 
the  laws  of  life  are  understood."  In  other  wonis,  the  study  of  fo93ilj7 
has  a  ilistinct  bearing  on  the  problems  of  sociology. 

The  general  resemblance  between  the  evolution  of  human  commun- 
ities and  aniiiifl]  groups  is  not  difficult  lo  perceive  in  any  dircctiou- 
Id  the  progress  of  every  nation  there  are  clearly-marked  periods  of 
brilliance  between  others  of  comparative  stagnation,  cnrrospondinf; 
with  the  rhythmic  advance  already  described  as  ob9er\-ab!e  among 
animals.  At  each  period  the  real  mental  work  and  influence  which 
le-od  to  the  next  stage  of  progress  are  occoniplishcd  by  a  competent 
mediocrity,  however  much  they  may  be  conaunimot<xl  at  intcr\-als  by 
the  appearance  of  a  guiding  genius;  in  fact,  the  generalized  rather 
than  the  spccialiied  members  of  a  community  arc  the  real  ground- 
work of  the  future.  Moreover,  history  seems  to  leach  that  every  na- 
tion, on  reaching  its  prime,  be^na  to  display  within  itself  the  dementi 
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which  lead  to  decline  or  extinction;  bo  that  it  completes  a  definite 
life-cycle  with  an  inevitable  end.  Indeed,  even  in  smaller  matters,  it  is 
often  not  difficult  to  express  sociology  in  the  terms  of  paleontology. 
Newberry,  for  example,  long  ago  pointed  out  that  the  evolution  of 
warfare  between  human  communities  corresponds  exactly  with  that 
between  fishes  in  the  course  of  their  long  history  —  the  first  tendency 
being  towards  protection  by  thickening  the  armor  until  a  maximum 
is  reached,  when  this  method  is  abandoned  and  skillful  movement 
gradually  supersedes  it.  Other  examples  might  be  cited,  and  will 
readily  occur  to  any  one  who  is  familiar  with  the  details  of  the  past 
history  of  any  group  of  organisms.  It  must,  however,  suffice  now 
merely  to  conclude  by  emphasizing  a  remark  made  at  the  outset,  that 
these  wider  aspects  of  the  subject  can  only  be  fully  appreciated  when 
paleontology  is  taught  and  learned  as  an  independent  branch  of 
knowledge. 


THE  PRESENT  PROBLEMS  OF  PALEONTOLOGY 


Br  HENRT  FAIRFIELD   OSBOBN 

[Hmry  Fnirfiold  Oibom,  D&  Coma  Profcfisor  of  Zoology,  Columbia  Univenit]', 
Curator.  vftU^hrato  potciontologv,  Americnn  Museum  M^Nfttunl  Hiiitory,  G«oli>- 
RiHt  luici  PiiIi!<iiit>il<]Ki>'t,  U.  f4.('iNilnKiuil  Siirvw,  MHMtim*  Honorary  PhImo- 
to!(iei<it,  CaimdinD  U(nlo|[iciU  Survey,     b.  t'vunutldi.  Conn.,  1857.    Ursduat^  oC 
rriijciton,  1S~7;  Sc  D  Princeton.  1880;  LL.D.  Trinity  College  and  Princeton 
Uiiiv«i>iiy;  D.8c.  CambridKci  UuiveniitX-  Pltof«»Dr  ot  Comparative  AiukUimv,- 
Princc^wn.  lSS2'flO.    Member  of  niinicrow  AmRricui  ahu  foiciKn  acicotiBdJ 
societies.   Author  of  From  the  Orerkt  to  Dortmn, anil  of  aumenus  Bcicnti&caiMfl 
educwtiouU  papvis  id  sodlogy,  paleontologr,  comparttlivo  tmfttoniy,  psyclio-l 
logy,  biology,  memoirs  for  the  CaD&dian  Survey,  U.  S.  Geological  Surv«y,  elc.J  ' 

1  congratulate  myself  that  it  has  fallen  to  nty  tot  to  set  forth  aome 
of  the  chief  contemporary  problems  of  pnlponfcologj',  as  weU  as  to  make 
an  exfjoeition  of  the  prevailing  methods  of  thought  in  this  branch  of 
biology.  At  the  same  time  I  regret  that  1  can  cov'cr  only  one  half  of 
the  fiBld,  namely,  that  of  tho  paleontology-  of  the  vortebrales.  From 
laek  of  time  and  of  the  special  knowledge  required  todo  a  great  subject 
justice  I  am  compelled  to  omit  the  science  of  invertebrate  fossils  and 
the  important  biological  indufiions  made  by  the  many  able  workers 
in  tliis  field.  There  is  positively  much  in  comtnon  between  the  induc- 
tions derived  from  vertebrate  and  invertebrate  evolution,  and  I  believe 
a  ^eat  service  wouJd  be  rendered  to  biology  by  a  philosoptuc&l  oom- 
pari.ton  and  contrast  of  the  methods  and  results  of  vertebrate  and 
invertebrate  paleontology. 

The  flpienee  of  vertebrate  fossils  is  in  an  extremely  healthj-  state  at  , 
present.  Thr  devotees  of  the  science  were  never  more  iiuuieroua.  ncvc 
more  inspired,  and  certainly  never  so  united  in  aim,  as  at  present.  Wc 
have  suffered  some  heavy  personal  lossea,  not  only  among  the  chiefs 
but  amonR  the  younger  loaders  of  the  science  in  recent  years;  CopC: 
Marsh,  Zittel.  Kowalcvsky,  Baur,  and  Hatcher  have  gone,  but  the;^- 
live  in  their  works  and  in  their  influence,  which  vary  with  the  peculii 
or  chararteristic  genius  of  rath. 

As  in  every  other  branch  of  ncii-ncc,  problems  multiply  tike  the  hcaiE^»>ds 
ofhydru;  no»ooner  isonclaid  low  lliiiii  n  mimlifi  nf  nf~  nnri' npprft     m  ii. 
yet  wc  stand  on  the  ahouldcra  of  preceding  generations,  so  that  if  oiw-  -ur 
philosophicnl  vision  be  correct,  we  gain  a  wider  horizon,  while  tV^ 
horizon  itself  is  constantly  expanding  by  discover}'. 

In  discovery  the  chief  theatre  of  interest  shifts  from  continent         to 
continent  in  an  unexpected  and  almoitt  sensaUonal  manner.   In  ISa^r'O, 
all  eyes  were  ccntnid  on  North  America,  and  cHpccially  on  Roc  By- 
Mountain  exploration;  for  many  ensuing  years,  new  and  even  ufl. 
thought-of  orders  of  beings  came  to  the  surface  of  knowledge,  revolo- 
tionizing  our  thought,  firmly  establishing  the  evolution  theory,  Bsd 
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sppearing  to  solve  some  of  th«  most  importAnt  problems  of  descent. 
Then  the  stafje  shifted  to  Soutli  Ameriea,  where  an  equally  surprising 
reveliitioii  of  unthoiightKjf  life  was  made.  We  were  in  the  very  midst 
of  the  more  thorough  examination  of  this  Patagonian  and  Pampean 
world  when  the  scene  of  new  disoovcrj'  suddenly  changed  to  North 
Africa,  —  previously  the  "  dark  continent "  of  paleontology',  —  and 
again  a  eomplcte  Berios  of  surprises  was  forthcoming.  Each  continent 
has  solved  its  quota  of  problems  and  has  aroused  its  quotaof  new  ones. 
Vow  we  look  to  CentraJ  and  South  Africa,  to  (he  praeticajly  unknown 
Hastern  Asia, and  possibly  to  a  portion  of  ttie  half-sunken  continent  of 
Antaratica,  for  a  future  etock  of  answers  and  new  queries. 

Ilapid  exploration  and  discoverj',  however,  are  not  the  only  symp- 
t-oms  of  health  in  a  science ;  we  do  not  aim  to  pass  down  to  history  as 
greateoUcetors:  womustacf^umulate  conceptions  and  idc^aDas  rapidly 
as  MW  accumulate  nrnieriala;  it  will  be  a  repmach  to  our  generation 
if  we  do  not  ailvance  as  far  beyond  the  intellGctual  status  of  Cuvier, 
Owen,  Huxley,  and  Cope  as  we  advan(;e  beyond  their  material  status 
in  the  way  of  collections  of  fossils.  We  must  thoroughly  understand 
where  we  are  in  the  science,  how  we  are  doing  our  thinking,  what  we 
are  aiming  to  accomplinh:  we  must  grasp,  as  the  political  leader, 
Tilden,  observed,  the  most  important  things,  and  do  them  first. 


Paleontology  a  Branch  of  Biology 


I^t  ue  first  cut  away  any  remaining  brushwood  of  mieeonrcption 
AS  to  the  position  of  paleontology  among  the  sciences.  I  do  not  wish 
to  quarrel  with  my  superior  officers,  but  I  must  first  record  a  protest 
against  the  fact  that  in  the  classification  scheme  of  this  Congress,  in 
the  year  of  our  Lord  1904,  paleontology  is  bracketed  as  a  division  of 
geology.  It  ischieflyan  accident  of  birthwhich  has  connected  paleon- 
tology with  geology;  because  fossils  were  first  found  in  the  rocks, 
geology,  the  foster  mother,  was  mistaken  for  the  true  mother,  noology 
—  a  confusion  in  the  birth-records  which  Hu.'dcy  did  hia  best  to  cor- 
rect. The  preservation  of  extinct  animnls  and  plants  in  the  rocks  is 
one  of  the  fortunate  accidents  of  time,  but  to  mistake  this  position  as 
indicative  of  scientific  al!lnity  is  about  as  logical  as  it  would  be  to 
bracket  the  Protozoa,  which  are  principally  aquatic  organisms,  under 
hydrolog)',  or  the  Insecta,  because  of  their  aerial  life,  under  meteor- 
ology. No,  this  is  emptiatically  a  misconception  which  is  still  working 
harm  in  some  museums  and  institutions  oflearning.  Paleontology  is 
not  geology,  it  is  zn<ilog}';  it  succeeds  only  in  so  far  as  it  is  pursued 
in  the  zoological  and  biological  spirit. 

In  order  to  make  rlcar  thu  special  rflle  of  paleontology  among  the 
biological  sciences,  and  at  the  same  time  ihe  grateful  services  which 
it  is  enabh'd  to  render  to  ita  foster  soienoe,  geology,  aa  well  as  to  gc(»- 
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graphy,  when  pureuM  in  »  purely  biological  spirit,  let  us  einpic 
imapnary  problem.  Figure  lo  yourselves  a  continent  absolutely  un- 
known in  any  of  its  physical  features  of  earth,  climnte,  or  configura- 
tion; let  115  imagine  that  from  siirh  an  unknovn  continent  all  the  aiu- 
raals  and  all  the  plants  could  be  brought  into  a  vast  museum,  the  only 
condition  being  that  the  latitude  and  longitude  of  each  specimen 
flbould  be  procisely  reeonled,  and  let  us  further  imagine  a  vast  num- 
ber of  investigators  uf  the  most  tliorough  xoological  and  botanical 
train)n|;,&nd  with  a  due  share  of  scientific  imagination,  set  to  work  on 
this  collection.  Such  an  army  of  investigators  would  soon  begin  to  rc^ 
store  the  geography  of  this  unknown  continent,  its f reeh ,  brackish, and 
salt-water  confinea,  its  seas,  rivers,  and  lakes,  its  snow  peaks,  iu  gla- 
ciers, iu  fnreBts,  uplands,  plains.  meadoWB.aiid  swampe;  also  even  the 
eoemic  relations  of  this  unknown  continent,  the  amount  and  duration 
of  sunshine  as  well  a«  Hoinethiiig  uf  the  chemical  constitution  of  the 
atmosphere  and  of  the  rivers  and  seas.  Such  a  restoration  or  series  ol 
restorations  would  be  possible  uidy  because  of  the  wonderful  litiieas-i 
or  adaptation  of  plants  and  animals  to  their  environment,  for  it  i 
not  too  much  to  sjiy  that  thpy  mirror  their  environment. 

At  tin?  hiBlfiric  penod  c(>iniii«im>rated  by  this  great  expomtion  of~? 
St.  Louis,  when  Napoleon  cnncludiKi  to  seJl  half  a  continent  t( 
KtrrnRlhi-n  his  uruiicB,  it  is  true  that  such  a  solution  of  a  phyaca 
problem  by  biological  analysis  might  have  brcn  conceived  by  the  pu — 
pils  of  Buffon,  by  Napoleon's  great  contcmporariee,  Cuwer,  Lamarck,^ 
or  Saint-Hilaire,  but  the  itolution  itself  would  not  have  been  po^vuhie. 
It  has  been  rendered  possible  only  by  the  wonderful  advance  in  tbw« 
nnderstanding  of  the  adaptation  of  the  living  t^  the  lifeless  forces  oT^ 
the  planet.  FinflUy.  it  i«  obvious  in  such  a  projection  of  the  physical 
from  the  purely  biological  thut  the  degree  of  accuracy  rcacheil  will  re- 
present the  present  state  of  the  science  and  the  extent  of  its  appro*eh 
toward  the  final  goal  of  being  an  exact  or  complete  science.  The  illus- 
trative figure  need  not  be  changed  when  the  words  paleoso^ogy 
and  paleobotany  are  substituted  for  zoology  and  botany.  We  still 
read  with  equnl  clearnrps  the  physical  or  environmental  changes  oT 
past  times  in  the  biological  mirror,  a  mirror  often  unbuminhed  and 
inconnplete  owing  to  the  interruptions  in  the  palcontologiciJ  records, 
but  constantly  becoming  more  polished  as  our  knowledge  of  life  and 
its  all-pervading  relations  to  tlio  non-life  beeomea  more  extensive  sad 
nnorc  profound- 
Such  an  achievement  as  the  reoonatmction  of  n  continent  would 
impossible  in  paleontology  pursued  as  geology  or  as  a  logical  subdi- 
vision of  geology.  The  importance  of  the  services  which  palcontolojj 
may  render  geology  as  time-keeper  of  the  rocks,  or  which  geologr 
may  render  pajeontnlogj-.  are  so  familiar  that  wc  need  not  atop  0) 
enumerate  them.    To  emphasize  the  relation  I  have  elsewhero  Bti|- 
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gested  the  phrase,  Non  jmitiontologia  sine  geidogia.  With  other  phy- 
sical sciences  paleoritoIoKy  is  hanily  less  intimate;  fn)ra  the  phyaiciBt 
it  demands  time  for  the  evolution  of  successive  waves  of  orgaoismH, 
from  the  eeographcr  it  demands  continental  connections  or  even 
whole  continents  for  the  paswigc  of  iand-ftmmnls  and  plants.  As  with 
geologj',  what  it  receives  it  is  ever  ready  to  return  in  gifts;  the  new 
branch  of  geography,  for  example,  entitled  paleogeography,  api]ea]8 
quite  as  often  to  the  paleontologist  as  to  the  geologist  for  its  data. 


L 


Problem  <ij  the  Ori^n  of  fitness 

Naturally  the  central  thought  of  paleontology  as  biology  is  the 
origin  of  fitness  as  the  property  which  above  all  others  distinguishes 
the  living  from  the  non>living.  Here  the  paleontologist  enjoys  the 
peculiar  advantage  of  being  present  at  the  birth  of  new  charactcreand 
watching  the  course  of  their  development;  and  to  this  advantage  in 
attAchod  the  peculiar  responsibility  of  observing  the  birth  and  course 
of  development  of  such  characters  with  the  utmost  accuracy  and  a 
mind  free  from  prejudicee  in  favor  of  any  particular  hypothesis,  with 
full  acquaintance  with  the  phenomena  of  evolution  as  they  present 
themselves  to  the  zoologist,  the  botanist, and  the  experimentalist,  ami 
with  the  ptiilosopliical  temper  which  will  put  every  hypothesis  to  the 
test  of  every  fact.  The  laughing  remark  of  Cope  on  seeing  a  newly  dis- 
covered apecimen  which  cuntnncrtcd  oncof  liia  hypotheses,"  If  no  one 
were  watching  1  should  be  glad  to  throw  that  fossilout  of  the'window," 
has  &  serious  reality  in  our  often  unconscious  protection  of  our  own 
opinjoos. 

The  birth  of  new  characters  Is  the  crucial  [loiiit  in  the  origin  of 
fitnees.  With  Darwin  '  himactf,  with  Cope,'  with  Batcson,'  we  do  not 
regftrd  the  Darwinian  law  of  selection  as  the  creative  or  birth-factor; 
by  ita  very  terms  it  operates  after  there  is  something  of  value  to  select. 
Forgetting  this  distinction,  some  naturalists  are  so  blind  as  to  fail  to 
Bee  that  selection  is  still  the  supreme  factor  in  evolution  in  the  sense 
that  it  produces  the  most  grand  and  sweeping  results  as  well  as  the 
most  inconspicuous  rcMului  in  the  organic  world,  Certain  of  the  cre- 
ative factors  cannot  be  seen  at  all  by  paleontologist^');  othem,  in  my 
opinion,  cannot  be  seen  by  zoolc^iats. 

Before  looking  farther  into  the  creation  of  fitness,  let  us  clear  away 
another  misconception  which  happens  to  be  of  paleontological  origin, 
although  paleontologists  are  not  responsible  tor  it-  It  concerns  the  his- 

'  CttaHefi  Darwin.  The  Origin  of  Spteiai,  1859;  The  I'oruiliiMi  of  Animal*  and 
Plant*  under  Damrtiiicatiim,  iliflrt. 

'  K.  D.  Oiiw.  Th-  I'riftiarv  Fat-tors  of  Organie  Evolution.  Chicago.  1896;  TU 
Oriyin  of  Ok  FHUst.  8vo,  New  York.  18S7. 

'  Wm,  I)«t«80ii,  MaUriala  for  Hit  Sludg  of  Variation,  Louilou  and  New  Yttrli, 
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tory  of  one  of  the  grcftt  theories  of  the  day.  Many  years  ago,  Waagen,' 
a  Oerman  paleontologist,  obser^-cd  that  the  varieties  or  minor  cliangea 
in  time  (rhronologii-al  varieties)  diRcr  from  varieties  in  space  (gcth 
graphical  varieties];  that  the  Uitt«r  bavo  a  variable  value  and  arc  of 
small  aystematic  importance,  while  the  former  (ire  ver>"eonstiint, and, 
though  seen  only  in  minute  features,  mny  always  be  recognized  nj^n. 
These  vorietiMin  time  Wangen  termed  rati/oiioni.  In  1891  Scott 'un- 
earthed this  distinction  of  Woagen's  and  clearly  defined  it  as  the  hered- 
itary or  phylogcnetic  change  of  animals  in  time.  Previous  to  this, 
Osborn,'  without  knowing  of  Waagen's  statement,  had  discussed  the 
same  facts  of  the  birth  of  new  ehojactcrs,  describing  them  &s  "  definite 
variations."  Cope,  it  happens,  did  not  follow  this  line  of  thought  at 
all;  but  many  other  paleontologists  did,  notably  Hyatt/  whose  pe«u- 
liar  style  and  multiplicity  of  terms  obscured  his  depth  of  thought  and 
extent  of  observation.  Thus  the  term  mulalion  acquired  a  delinite 
signifieaiicc  among  paleontologists. 

It  happened  that  Do  Vries,*  the  eminent  Dutch  botanist,  reading 
Scott's  paper,  mistakenly  identified  these  new  charttctcrg  succeeding 
each  other  in  time  with  thoscwhich  ho  was  observing  as  oceurringeon- 
I emporaneously  in  plants,  and  he  adopted  Waagen's  term  for  the 
■*  mutation  theory,"  which  he  has  so  brilliantly  set  forth,  of  ihm  sud- 
den production  of  new  and  stable  varieties,  from  which  natiu%  pro- 
ceeds to  select  those  which  are  fit. 

If  paleontologists  are  correct  in  their  observaiion,  mutations  may 
be  figured  graphically  as  an  inclined  plane,  wheroaa  De  Vries's  phe- 
nomena in  plants  represent  a  series  of  steps  more  or  less  extensive. 
Scotl  expressly  excluded  the  element  of  discontinuity ;  and  I  believe 
there  is  no  ground  whatever  for  the  assertion  that  the  pbenoowDa  EiBt 
named  mutations  by  Waagen,  and  Independently  observed  by  man?' 
paleontologists,  are  identical  with  the  phenomena  obeerved  by  De 
Vri<?8  in  plants. 

On  the  contrary,  De  Vries's  facts  aceord  with  the  favorite  hypo- 
thesis of  Sainl-Hilaire.  They  demonstrate  the  law  of  M^to/ion.  This  is 
the  inevitable  interpretation  of  the  exi)08ition8  of  De  Vries  himself,  of 


'  W.  Waag«n,  Die  FormewfUit  dea  Amm^ftHf  aw&rodwdM,  Bcaeehf*  Pahml. 
BfHrage.  vol  n.  1809.  pn.  179-257. 

'  W.  B.Scott, On  theA}odei>i  EvoltdumiitOu  Uammaiia,Jo\irruAof  Mwft^ 
tern,  vnl.  v,  18(11.  no.  3.  p.  3K7;  On  VaniUwnt  and  MvMiMU,  Artfnfan  Jtmal 
ofSnmcr,  vol.  XLYiii,  Nov.  ISIH,  pp.  3i5-374. 

'  li.  F.  Oalxim,  The  PalMnloivgaul  Evidtnee  for  Ota  Tnawiiation  of  Aevtarti 
ChnrtKirrt;  Amrriean  NaturoHal,  vol.  xxiii.  1SS3,  p.  562. 

*  A.  Ilyutt.  Tha  Geneaia  of  the  Tmiary  Svcrie*  of  I'hnorbia  .  .  .  Mtmcin, 
Iketoa  Sodfty  of  Natural  iliatoi7,  18S3;  The  Gmimu  of  Aa  Arietidaa,  1886; 
Loat  ChmiidcriJilut,  American  Naturaliai,  vol.  XXX,  1696,  pp.  ^-l?. 

•  Hugo  Vt\iK§,DiaMtaaHontthtori4!.Jid.  i,  1901,  Bi.  n.  1003;  SpecUMoiU 
VarifHrt,  Their  Origin  bf/  MtUaHon.  fd.  bv  1).  T.  BlacUouitikl,  $vt>,  Chicafpi  wd 
I^ndoa,  IMS.  SiHM  thuaddnss  v&a  given,  De  Vries  potnta  out  thbt  U)»  boUn- 
iats  have  n  prior  cluiiu,  jiitiee  Gcidroa  u««ii  tliix  tuna  baoi«  Waagen. 
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Hubrccht,'  iind  of  the  more  recent  references  of  Batoson  '  in  his  Brit- 
ish Association  address.  That  saJtation  is  a  constunt  phenomenon  in 
nature,  a  rrra  causa  of  evolution,  no  on«  can  longer  deny.  Bale^on 
shows  that  it  harmonizes  with  Mendel's  conceptions  of  heredity,  anj 
it  may  be  regarded  as  par  axeUemx  the  contribution  of  the  experi- 
mental method. 

Similarly,  I  regard  mutation  as  a  quite  distinct  phenomenon,  and  as 
jtar  exeeitenee  the  contribution  of  llie  paloontologifBl  method;  it  is 
the  gradual  rise  of  new  adaptive  f  liaractcra  ueilhor  by  the  st-leetion  of 
accidental  variations  nor  by  saltation,  but  by  origin  in  an  obscure  and 
almoBt  inMsible  form,  followed  by  direct  increase  and  development  in 
auccBBsive  generations  until  a  stage  of  actual  usefulness  is  reached. 
where  perhaps  selection  may  begin  to  operate.  While  clearly  setting 
forth  the  difficulties,  1  at  one  time  attributed  definite  variation  or 
rautalion  to  Lamarek'a  principle  of  tlie  inherited  effects  of  habit 
as  the  only  assignable  cause;  subsequently  I  realised  that  it  was  not 
explainable  by  the  Lamarckian  hypothesis. 

J  then  attributed  it  to  an  unknown  law  of  evolution,  and  there  I  be- 
lieve it  reeta  to-day,  namely,  as  a  process  of  which  we  do  not  know 
the  cauHe.  Still  more  recently,  however,  coiueH  the  discovery  that 
origiual  kinship  is,  partly  at  least,  a  control-principle.  For  example, 
iu  the  descent  of  independent  stocks  of  hornless  animals  arising  fi-om 
a  common  stock,  rudimentary  horti-cures  are  found  to  appear  inde- 
pendently in  exactly  the  sjiiiie  region  of  the  skull,  indicating  a  kind 
of  prctletcrmination  in  the  stock,  or  potential  of  similar  evolutions.. 
The  faeta  on  which  this  law  of  mutation,  properly  caJled,  rests  have 
been  misunderstood.totiilly  denied, or  explained  away  by  seli'ctioniKta 
as  survivals  of  favornhle  out  of  indiseiimimite  variations.  Kven  niy 
colleague,  Scott,  has  identified  these  phenomena  with  the  saltations  of 
De  Vriea.  Nevertheless,  1  regard  the  genesis  of  new  adaptive  charac- 
ters from  almoflt  imjir-rceptible  l>eginnings  as  a  vera  causa,  and  as  one 
of  the  gn^att'st  problems  wc  have  to  solve. 

That  a  natural  solution  will  be  found  goes  without  saying,  although 
this  principle,  as  stated,  is  undoubtedly  of  a  teleological  nature.  lt» 
philosophical  bearings  arc  of  far-reaehiTig  importance.  Just  as  we 
demand  a  continent  to  transfer  land  animals  from  Australia  to  South 
America,  so  we  demand  a  natural  law  to  explain  these  facts. 

The  creative  factors  of  fitness  cooperating  with  selection,  which, 
in  my  judgmcDt,  are  now  well  demonstrated,  rmdc  cither  primarily 


'  A.  A.  W.  Habrevhi.  Itum  J}f  Vrint'n  Thmnt  of  UiUalionM.  Thr  Popular  Scieiut 
Monthly,  vol.  iJtv.  no.  3,  July.  1901.  pp.  205-  22S. 

'  W.  BaUtNin.  8iH!  Hrport  »f  tliL-  l)riiiHl>  .VasociatioD  for  the  Advwicoiiipnt  of 
Sdmnc,  C«inbri<i|[c  mccLiuK.  L9(H;  (willi  Misit  E.  K.  Saimdum)  RcporU  to  the 
EvalutioD  Committee  of  the  Royal  Society,  1902.  [Giru  nummair  of  HcndofB 
lil«  utd  wvrk.j 

■  U.  F.  Oiiborn,  Rtoent  ZoifjtaUaiUotogt/,  SeUnet,  1006,  N.  S.  voL  xxi,  no.  530, 
pp.  315-316. 
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m  theoDvironincnt,in  the  bodies  of  Bnimals,  or  in  the  germinal  cplla  — 
tbey  all  uIlimRtely  find  their  wny  into  the  germinal  colls.  They  may 
be  eummarized  as  follows: 

(I)  Segregation..  Besides  the  foniiliar  grographical  segregation  of 
animals,  which  reaches  its  highest  expression  in  insular  forms,  such  as 
the  pygmy  fosBil  elcpliaiits  of  Malta  '  and  lhos«  reeenlly  discovered  in 
Cyprus  (Bate),'  there  is  the  no  IcssefTectivcscffr^j/aid'tino/Aafrti  among 
animals  oxisting  in  the  same  geographical  regions  and  under  the  same 
climatic  conditions,  but  seeking  different  varieties  of  food  on  different 
kinds  of  soil.  These  give  rise  to  what  I  have  called  local  adaptive 
radiations,  a  principle  whic-h  explains  the  occurrence  in  the  same 
country,  and  almost  aide  by  side,  of  very  conservative  as  well  as  very 
progrwwivp  fonus. 

("i)  Adaptive  Modificaiian.  This  is  a  plaatic  principle  which  tends 
in  the  crmrae  of  life  (o  an  iticreaaing  fitneiu  of  the  bodies  of  individuals 
to  their  special  environments  and  liabils,  well  illuatrat^-d  among  men 
in  the  induciici:;  of  various  tra<les  and  occupations  and  operating  both 
in  active  and  in  passivestructurcs.  Consistent  with  the  adaptive  modi- 
fication principle  is  the  fact  that  every  individual  requires  habit  and 
environment  to  model  it  into  its  parental  form;  and  in  every  change 
of  environment  or  habtt  every  Individual  in  carried  an  infinitcamal 
ilnRree  Ix-yond  the  parrntttl  form;  the  wonderful  phenomena  of  eor- 
rrlutcil  development  which  puzzled  Spcnct^r  no  much  are  chiefly  at- 
tributable to  this  principle.  These  adaptive  modifications  arc  not 
directly  inherited,  os  Lamarck  supposed,  but  acting  through  long 
periods  of  time  there  results  the  orjnriMrscfecJion  (Morgan,' Baldwin,* 
Osboni')  of  those  individuals  in  which  hereditary  predisposition 
happens  most  closely  to  coincide  with  adaptive  modification,  and 
there  thus  finally  conies  about  an  apparent,  but  not  real,  inherit- 
ance of  acquired  characters,  as  Lamarck,  Spencer,  and  Cope  sup- 
IKtaed. 

(3)  Variaiiont  o]  Defp-ef.    We  should  by  no  mearis  exclude  M  true- 
causes  of  evolution  associated  with  both  the  above  factors  the  sclee — 
lion  of  those  variations  of  degree  or  around  a  mean  which  conform  to 
Quetelet's  curve,  the  subject  of  the  chief  Investigations  of  the  Galtotm 

'  L.  Adainii.  On  tin  Dentiiitm  and  Ontroiogy  of  tht  Utattnte  Foitil  EUphmis, 
Tranmtftwn*  of  thr  Zoniofincnl  8ocipU-.  vol.  ix.  pt,  i,  1874. 

'  Dorothy  M.  A.  Bate.  Furtker  }»oU  on  Ine  Btvtain»  oj  Etephaa  Cvmetet. 
PftiUuiophic  Traruactionaot  the  Roral  Socii^tv,  London,  wr.  B.  vol.  107,  IlKH,  pp. 

s-tT-seo. 

'  (.:.  Uoyd  MoiKAn  [Orynnic  Sritrfian],  Hcyrnrr,  Nov.  27,  185)6. 

•  .1.  Kinrk  Biklowin,  A  N*v>  Farlcr  in  Bvnlution,  dmwtron  .VafumJwt,  Juu 
ftnd  July,  1S(I(>;  Detflopmfnl  and  Evolution,  &vt>.  New  Yark,  )0U2. 

'  H.  If.  Onhom,  .-1  Mtitif  o]  fivalvJion  rtrtniri-nff  tuiltLtr  \atvral  Selfrtum  nor  Ilia 
Inhrritane*  of  Atvitir^d  CtuimrtrrM  {Organxe  Sflectian),  TmntaOiim*  of  tha  Nt« 
York  Academy  of  84->enci>.  Mftrch  and  April.  1896.  pp.  141-148;  Ths  [AmitMaf 
Orjfomc  Selection.  Amfrican  .WatMniliat,  Nov.  I«0».  pp.  »44-9.')l ;  ifaiiftealim 
and  Variation  and  thr  tAmit^  of  Organu-  SrUt1i<m,  rmoMtiing*.  Amrricui  Aj»- 
dation  (or  the  Advuncoiacnt  of  Science,  -tlith  mroting.  t89H,  pp.  239-242. 
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schcKil,  of  Pearson  '  and  of  Weldon.  and  which  form  the  strongest  re- 
niainiiig  ground  fur  D&min'B  iheon'  of  selection  in  connection  with 
fortuitous  varialioM.  For  example.  I  regard  the  appearance  of  loiig- 
xicckcd  giraffee,  of  slender-limbed  ruminants  and  horses,  of  long- 
HUoutod  aquatic  vertebrates,  as  instances  of  the  selection  of  varia- 
tions around  a  mean  rather  than  of  ihv  selection  of  saltations.  The 
selection  of  Kurh  variations,  where  ih^y  hap[)en  to  be  adaptive,  has 
been  an  incessant  eaune  of  evwlution. 

(4)  SaUalion.  Although  GeufEroy  Haint-Hilaire*  argued  for  pale- 
ontolopicol  evolution  by  saltation .  I  do  not  think  we  have  much  evi- 
dence: in  pak'oiitoluny  for  the  saltation  theory.  In  the  nature  of  the 
raite,  we  cannot  expect  to  recognize  such  evidence  even  where  it  may 
exist ,  because,  wherevej  a  new  form  appears  or  a  new  character  ariseB, 
as  it  were,  suddenly,  we  must  suKpect  that  thin  apfiearance  is  due  to 
absence  of  the  connecting  tranititional  Iink!i  to  an  older  form.  The 
whole  tendency  of  puleontulogical  discovery  iti  to  rcaolve  what  are 
apparently  auliatinns  or  discontinuities  into  processes  of  continuous 
change.  Tliis,  however,  by  no  means  precludes  saltation  from  being 
a  vera  eausa  in  past  time,  as  rising  from  ''unknown"  causRit  in  the 
germ-cells  and  as  forming  the  mat^rialu  from  whieh  nature  may  selert 
tho  saltation!)  which  are  adaptive  from  thoHe  which  are  inadaptive. 
The  paleontologist  haa  every  reason  to  believe  that  he  finds  salta- 
tions in  the  sudden  variatlnns  in  the  numhrr  of  vfrtpbrH"  of  thr  neck, 
of  the  back,  of  the  sacral  region,  for  example.  In  the  many  familiar 
cases  of  the  abbreviation  or  elongation  of  the  vertebral  column  in 
adaptation  to  cerwin  habit*,  a  vertebra  in  the  middle  of  &  series 
cannot  dwindle  out  of  existence;  it  must  suddenly  drop  out  or 
auddonly  appear. 

(5)  MtUation.  These  new  rhamcters  are  also  germinal  in  origin, 
because  they  appear  in  the  teeth,  which  are  structures  fully  formed 
Ijcneath  the  surface  before  they  pierce  the  gum,  and  therefore  not  eub- 
aequently  modeled  by  adaptive  modification,  as  the  bones,  muscles, 
and  all  the  other  tissues  of  the  body  are.  Mutations  are  found  arising 
according  to  partly  known  inJluenc*s  of  kinship.  They  do  not,  so  far 
aa  we  observe,  possess  adaptive  vaEue  when  they  first  appear,  but  then 
frequently,  if  not  always,  develop  into  a  stage  of  usefulness. 

Fitness  is,  therefore,  the  central  thought  of  modern  paleontology' 
in  its  most  comprehensive  sense,  as  embracing  fitness  in  the  very  re- 
mote past,  in  its  evolution  toward  the  preBetil,and  in  its  tendencies  for 
the  future.    Just  as  the  uniformilarian  method  of  Lvell  transfurmed 


*  K.  pMtraon.  Sm  urtidc*  in  Protftdingi  of  th<>  Itoyid  fiociKt}'  of  I<ondoo,  nnd 
in  the  Grammar  of  Srienee,  I^ndon,  1900. 

'  G«»ffpoy  Siiint-IIilairft.  Rtfherthei  tt-ur  4m  ^randx  Sauriens  trouvf*  A  Pftat 
fm*Ue,  Ui-moirft  ilc  rAnult^inic  ilrs  Seinicrai,  Kirin,  ItBl;  Injtvftur  du  maiuiK 
ambiaitl  ffrur  modifier  lei  Jtmnn  animalf*.  Af^mmrrg  dp  rAcad^inie  dee  Sei«nc«a, 
XII.  1833,  p-  03. 
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geology,  so  (ho  uniformit&rian  inDtliod  is  penetratiog  paleontolc 
and  making  obwrvationB  of  animal  and  plartl  life  as  it  is  to-day  the'' 
basis  of  the  understanding  uf  aiuiual  and  plant  life  as  it  was  from  the 
bcgiutiing.  Here  again  p&leuatology  is  not  merely  an  aimliary  to 
zoology;  tttscluefof  adinsion  &ndenjoyscertatnuniqueadv&ntagefl. 
We  pass  in  review,  «-ith  the  pedigrecB  and  the  prodigies  of  fitneas,  the 
entirety  utiressonable,  in-RtionBl,  psradoxieal  eiclrenies  of  structure, 
«ueh,  for  exam  pie ,  as  the  ptero8aur»,  which  far  surpass  in  bokiness  and 
ingenuity  of  design  any  of  the  creations  of  the  modern  yacht-builder 
which  are  mistakenly  regarded  by  some  as  having  reached  an  absurd 
rxtrrmc. 

Problem  of  Historical  Study 

Tlie  paleontologist  must  alBo  bo  an  historian;  be  has  to  deal  with 
Jintage,  witb  ancestors,  he  comes  din-ctly  upon  I  ho  problem  of  kinship 
or  relationship,  and  he  has  to  detormine  the  various  means  of  distin- 
guishing the  true  from  the  apparent  relationships.  It  happens  thai 
fitness,  while  faficinating  in  itself,  has  ted  even  the  most  faithful  and 
skillful  into  the  most  deviou.?  paths  away  from  the  truth.  The  explan- 
ation uf  this  apparent  contradiction  ta  in  thin  wise.  The  ingenuity 
of  nature  in  adapting  animals  is  astounding,  but  it  is  not  inhnitc;  the 
same  devices  are  resorted  to  repeatefily  to  areompliKh  the  same  pur- 
pose's. In  the  evolution  of  long-snouU-d  rapacious  swimming  fomu, 
for  example,  we  have  already  discovered  that  nature  has  repeated 
herself  twenty-four  times  in  employing  the  samp  processes  to  accom' 
plish  the  same  ends  in  entirely  different  families  of  animolB. 

This  introduces  us  to  one  of  the  two  great  ideas  which  we  mu« 
employ  in  the  interpretation  of  fatts,  namely,  the  idea  of  analogy.  Wi 
see  far  more  clearly  than  Huxley  did  llio  force  of  this  idea,  Owen, 
Cope,'  Scott,'  Fraas,  and  many  others,  under  the  terms  "parallelism." 
"  convergence,"  "  homoplasy,"  have  developed  the  force  of  the  ol 
Aristotehan  notion  that  analogy  is  a  similarity  of  habit,  and  that  ii 
the  course  of  evolution  a  similarity  of  habit  finally  results  in  a  cloae  • 
exact  similarity  of  structure;  this  similarity  of  structure  is  mistaks 
AS  an  evidence  of  kinship.  Analogous  evolution  does  not  stop  in  ii 
far-reacliing  consequences  with  analogies  in  organs;  it  moulds  anim 
as  a  whole  into  aimilar  form,  as,  for  example,  Iheichthyosaurs,  t«har 

and  dolphins;  still  more  it  moulds  similar  and  larger  groups  of  a   

mals  into  similar  lines  or  radii  of  8]>ecialization.    Thus  wc  reach  ■■ 
grand  idea  of  analogy  as  operating  in  the  divergencies  or  adapts 


s. 
the 


'  it.  Ovren,  On  Ihe  Xaturt  0}  Limht,  Jjimdan,  1FM8;  s(«  nldo  tfometon  1°  ^h 
Anatomy  o)  Vtrhhratn,  Tola.  i*tit,  lS0ft-S8;  mc  b1>o  llonwto^,  JLooture*  or*  He 
Comparali%t  Anatomy  ond  I'hf/irioin^y  of  (Ac  Innriebratc  Ani>naU,  London.  ISiU 

»  E.  D.  Cape,  Primary  Farlar*  at  Organie  KwAidion,  8vo,  titv  York.  18S7. 

*  W.  B.  6c«tt,  On  Mtru  of  tM  Faetor*  in  Iks  Bvolulian  of  the  MammaHa,  . 
Journal  of  Morpholo^,  vol.  v,  00. 3,  ISOl,  pp.  879-402. 
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rajintions  of  groups,  according  to  which  great  ordere  of  animalB  t«nd 
in  their  familicE  and  suborders  to  miinii-  other  orjL'rs,  and  the  fautiis 
or  coUeoiive  onJere  of  couliueats  to  mimic;  the  faiuue  of  olhor  eo:i- 
ituteiit& 

Amid  tills  repetition  on  a  grand  scale  of  similar  adaptations,  vhich 
18  altifgellicr  comparable  to  what  we  know  as  having  occurred  over 
and  over  again  in  human  history,  the  paleontologist  as  ao  historian 
must  keep  constuntJy  before  hiiti  the  second  great  idea  of  homogeny, 
of  real  ancestral  kinship,  of  direct  blond  descent  and  hereditary  reia- 
tionsliip.  The  shark  and  the  ic-hthyosuur  auperfieially  look  alike,  but 
their  germ-ceUs  urc  radically  difft^runt,  their  external  rc^w-mblanroa  are 
a  ittcrt  veneer  of  adaptation,  so  deceptive,  however,  that  it  may  Ijg 
a  matter  of  half  a  century  before  wc  recognize  the  wolf  beneath  tho 
clothing  of  the  sheep,  or  the  nss  in  tho  lion's  skin. 
•  Tlieee  two  greAt  idens,  of  analogy,  oreimilarity  of  habit,  and  homo- 
geny, or  simiJarity  of  descent,  do  not  run  on  the  Fsme  lines;  they  are 
the  woof  and  the  warp  of  animal  hietory.  Analogy  corresponds  to 
the  woof,  or  horiznntJil  strands,  which  tie  animals  together  by  their 
supcriicial  resemblances  in  the  present;  homogeny  to  tho  warp,  or 
the  (undamentfij  vertical  etranda  which  connect  animals  with  their 
ancestors  and  their  successors.  The  far-reaehing  extent  of  analogous 
evolution  was  only  dimly  perceived  by  Huxley,  and  this  fact  con- 
stituted his  one  great  defect  aa  a  philosophical  analomist.  Its  power 
of  transforming  unlike  and  uiu-elated  aniniaU  lias  accompllslied 
miracles  in  the  way  of  producing  a  likeness  so  exact  that  the  infer- 
ence of  kinship  is  almoaL  irresistible. 

The  paleontologist  who  would  succeed  as  historian  must  Grst,  there- 
fore, render  himself  immune  to  the  miitguiding  influences  of  analogy 
by  taking  certain  further  precautions  which  will  now  be  explained  by 
watching  his  procedure  as  hiBtonan. 

Paleontology  as  the  history  of  life  takes  its  place  in  the  background 
of  reconled  historj'  and  areheologj',  and  simply  from  the  alnndpoiiit 
of  the  human  iw^digree  ii*  of  tranaccndent  interest.  Although  it 
has  progressed  fnr  beyond  the  dreams  of  Darwin  and  Huxlej*.  the  first 
general  slatemciit  wfiieh  must  be  made  is  that  the  actual  jminte  of 
contact  between  the  gi'nnd  divisions  of  the  animal  and  plant  kingdom, 
as  well  as  between  the  lesser  and  even  many  of  the  minnr  divitiions, 
have  yet  to  be  discovered.  You  recall  that  the  older  grand  divisions  of 
the  Vertebmta,  to  which  wc  must  confine  our  attention,  were  sug- 
gested by  the  so-called  Ages  of  Fishes,  of  Amphibians,  of  ileptiles,  and 
of  Mammals.  Even  within  these  grand  divisions  we  observe  a  aueees- 
aion  of  more  or  less  closely  analogous  groups.  Each  of  these  groupa  has 
its  more  or  less  central  etarting-point  in  a  smaller  and  older  group 
wliieh  contains  a  large  number  of  primitive  or  generalized  characters. 

The  search  for  the  primitive  centra]  form  is  always  made  by  the 
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saim'  mcthcKi  of  rpasoning.  a  mcthnd  which  was  fint  c)eariy  outlined 
by  Huxley,  namdy,  by  thr  morr  or  less  ideal  rpconst.niction  of  the 
primitive  central  form  from  which  radiation  has  occurred.  This  ia  ft 
vorj'  difficult  matter  where  the  primitive  central  form  is  not  prcwrvtd 
cither  living  or  as  n  fossil .  In  sueh  instances  we  may  by  analysis  of 
nil  the  existing  forms  proplipsj'  the  slnicture  of  the  primitive  ceotrtl 
form,  as  Huxley,'  Kowalevsky.*  and  Cope  •  did  in  the  case  of  the 
hnofrd  animals,  a  pmphct'y  which  was  nearly  fulfilled  by  the  diacoveir 
in  northern  Wyoming  of  I'hentxeodua.  In  other  mon;  fortunate  caeca 
the  primitive  central  form  survives  both  livinjt  and  fossil,  as  in  the  rc- 
marknblc  instance  of  Paieohatteria  of  the  Permian  and  the  tuftten 
liiard  (ItaUeria)  of  New  Zealnnd,  whieh  gave  rise  to  the  grand 
adaptive  radiation  of  the  liiianJs.  mosasaurs,  dinosaurs,  crocodiles. 
phytnaanrs,  and  probably  of  thp  iclithyosaurs. 

hi  the  reconKtrtiction  of  these  primitive  central  forms,  we  mvA 
naturally  discriminate  between  annlog^'  and  bomogeny,  and  paleoD- 
tologists  »ro  not  fiffreed  in  all  rases  on  such  discrimination.  On  the 
border  rcfiion,  in  fact,  where  the  primitive  cenlral  forms  are  still  un- 
known, vhcre  analogy  has  reached  its  most  perfect  climaxes  and  imi- 
tations, are  found  the  great  paleontological  controversies  of  to-dav- 
For  example,  among  the  paleozoic  fishes,  the  armored  oatracoderms 
(Pteratpii,  Cepkalaepis.  Pterichthys)  and  tbe  arthognaths  {CoctM- 
tew.  Diniekthys)  by  some  authors  (Hay.*  Regan,'  Ja^-kel*)  are  placed 
in  Iho  single  group  of  placoderms.  while  by  other  authore  (SmitJi 
Woodward  '  and  Dean  •)  ihey  are  regarded  as  entirely  independent  and 
suiMTficially  analogous  groups.  Tin* dipnoi,  or  lung  lisbea  (Ceratodta. 
Pratoptane] ,  present  sc<  many  analogies  witli  (he  amphibians  (ssia* 
tnanders  and  froge)  that  they  were  long  regarded  as  ancestors  of  tbe 
latter;  but  morp  searching  anatomical  and  pakontologieal  analyses 
and  recent  (■mbryolngical  iliscovprlps  have  proved  that  the  dipnoi  aod 
amphibia  are  paralM  srialogouK  groups  deneemled  alike  from  the 

'  T.  II.  Huxlmr,  Tkr  Annivnsary  Attilmu  of  the  PrniidrrU,  Quarttrlj/ JowmS 
of  tht  Geological  Sodrty.  I.«adon.  vol  xxvj,  1870, 

'  KowaltrvBtky.  OnttvUigti  of  ihe  Hyopaiamidae,  Phil'mophie  Trantartum*,  1873. 
p.  69;  Vcmirhvinfr  mUurlirhfii  Cinfid^uilutti  drr  frmtilrn  liulthifrr  iMane^n^kit 
dtr  (iativng  AnAracothrrium  Vuv.)  t'oiranlngraphiiv .  N.  I'.,  ii.  3  (xxii\  1873. 

'  K.  I).  Cope,  On  tht  ilomiilvriies  find  Origin  of  llir  molar  Urtk  o/  Ike  .Vamm^it 
E^MabUia,  J&urnal  of  Uio  .\fudeiny  of  Ntttuml  ScicncM,  PliJIadi-JpliiA.  Muvk, 


IS74.   pp.  20,  21. 

*  O.P.Hi^,  fUhlioarapkuanii  ('/itaUigtir  of  Ihr  Jt'iunl  \'trMntla of  Korlh  Amtriea, 
HiatetinofXf.S.  GcologicHrStirx-ey.iia.  179.  1902.  p.  25.1.  [N.  B.  Dr.  Hay  iododn 


witti  tiw  Arthrodira  thp  AntiBrctui  aloix-  nf  the  (^i.riuMidrmu.) 

'  C.  Tato  Hrcui.  The  PAjiM/fny  «/  Ihr  TtWtMami.  Ann.  and  .Unjj.  Nahatl 
Uialory.  tt-i.  7.  vol.  xiii.  Miiy.  lflO-1.  pi>  ftlO-316, 

•  0-  Jrw-k('l,  f.'p-twr  Coccoslrux  unJdir  lUnrth-Uungder  Pintodermen,Sitamt»l 
d.  Cm.  SaiMrfarcknidT  Frrundf.  llerltii,  JalirR.  1902,  no.  .1. 

'  A.  Umith  Woodward.  Ovtiinrt  o}  Vtrlei^raU  Paltantalcgy,  C»mbndg»,  it 
p.  64.S. 

'  Baahford  Oean.  Tfu  Defontan  l^mpmj  p4iUoiiwmJjfht,  mik  NoUa  mi  (m 
Svtttnatie  Ammgmimt  a}  tht  Fish-hke  VntthtaU*.  yfemeirt.  New  York  Aeadcmt 
of  Seiancec,  vvi.  U,  pt.  i,  1900,  p.  22  et  teg- 
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croasoptcrygian  fishes,  fiahce  which  are  now  rcpre8ent«l  only  by  the 
bichir  (P<A\/pter\i»)  of  Africn.  It  in  intereHting  to  recall  parenthetically 
that  two  naturalists,  Harringtim,  an  American,  and  Riidgplt,  an 
Englishmaa,  have  ^ivcn  their  Uvea  to  the  solution  <A  this  problem 
in  searching  for  the  embryology  of  Polypterm.  The  latter  explorer 
ntily  was  successful.' 

Mini-ng  Links  heitiKfit  the  Ormt  rjasscs  of  V^ebrates 

Among  the  varied  fins  of  the  crnsMnpterj-gians  we  have  nearly,  but 
not  actually-,  dis<-overi-d  the  prnioty[«!  of  the  hand  and  the  foot,  the 
fingers  and  toes,  of  the  primordial  uniphibiun.  Volumes  upon  volumes 
have  been  uTitten  by  embryologiKtA  and  coiDparatJvo  anatominla  on 
the  hypothetical  trnnsformation  of  the  fin  into  the  hand.'  Consider- 
ing the  supreme  value  of  the  hand  and  foot  in  vertebrate  history,  this 
was  certainly  the  most  momentotiR  transformation  of  all  and  worthy 
of  volumes  of  speculation ;  but  an  a  matter  of  fact,  the  Rpeculation  has 
been  a  total  failure,  and  this  problem  of  problem.s  will  only  be  settled 
by  the  future  discovery  in  Devonian  rorka  of  the  actual  connecting 
linJi,  which  will  be  a  partly  atr-brcathing  fish,  capable  of  emerging 
upaa  land,  in  which  the  eartilafiea  of  the  fin  will  be  found  disposed 
very  much  as  in  the  limbs  of  the  earliest  Carboniferous  amphibians. 
The  unity  of  composition  in  the  hand  and  the  foot  points  to  an  original 
nimilarity  of  habit  in  the  use  of  these  organs. 

Tliis  missing  point  of  contact,  or  of  the  actual  linlc  between  am- 
phibians and  fisbes,  ia  equally  characteristic  of  paleontology  as  hia- 
tor>'  from  the  top  to  the  bottom  of  the  animal  scale.  We  are  positive 
that  amphibians  descended  from  fishes,*  pmbably  of  the  omssoptery- 
gian  kind,  but  the  link  still  eludes  us;  we  liave  brought  the  reptiles 
within  close  reach  of  the  amphibians.'  but  the  direct  link  is  still  to  !» 
found ;  mammals  arc  in  close  proximity  to  a  certain  order  of  reptilea,* 

'  J.  Graham  Krrr.  Thf  fludgftt  Mtmarial  (I)  Noir  on  tlic  Developmental 
MMt^rrial  of  i'oIypteniB  obtained  by  the  Inte  Mr.  J.  S.  Iludgrtt.  HcporUoi  Britiili 
A»vc>»L)»»  for  ttiB  A(i% auiciiinent  o(  Hciunce,  Section  D,  CBmbriilge,  IfiO-l.  p.  29. 

'  Wkdcrslitini  [i':irkfr,  W,  .V.J.  Sm;  tlif  bJlilioKniphv  of  Fin»  and  LIdiLib  in 
Wi*d*r»heira'*  Klemnntt  of  the  Campariitirt  Analomi/  af  VerlthraUM,  tran»]nt«d  by 
W.  N.  Parker.  185)7.  See  tAm  Gil],  HamaiayifK  of  Anifrior  Limbi,  Sdenee,  N.  S. 
XVII,  March  27.  1003,  p.  4S8. 

'  A.  Smith  WoodwMd.  OuUinet  of  VtrltbraU  Palfonlologif.  Ciuiibriilgn,  1808, 
pp.  123-125. 

'  Baur.  Cnsc.  Cow,  Osbom,  Broili.  F.  .'iee  varlaua  pnppis  on  the  CotyloMtiirin 
( Pan-iasaiiri»>  bv  iJaiir.  t'^ase.  CSope,  I'or  naumnuiry  or  tbi-Ir  rrlatiiiiH  mt  OnUmi, 
Tftr  ftcfiiilian  ^ulicUuart  iJiapnda  an</  Syruipsida.  Mtmairn.  .\i)iiTican  Mtuieutn 
of  Natyral  Hi.iton.  vo3.  t.p't.  viii,  Nov.  ItHB,  p.  4j)i6.  Kspeciftllv,  Uroili,  ^'bimrtuvp- 
fjft'en.  AnotiMntiifJur  Anmgrr.  xxv,  Sq.  23,  100-1,  pp.  S77-SS7. 

*  H.  F.  Ofllxtm.  For  a  siimmaTy  see  Tti*  AnomodonttJt.  Rfptiltan  SuMaimfM 
Ihapnda  and  Synapnda.  Mtmtnn,  Amrrietdi  Muwiitn  r\(  Nntural  Hiatorv,  ^-ol, 
I.  pt.  VIII,  No*-.  1903,  p|J.  4flH-^fl6;  ThfOritjin  af  Ih*  .WnmmnfTi,  .Immiviii  iVa/ur- 
a/M(,  vol.  XXXII.  Mhv.  1808.  pp.  .10^334.  9m>  vnrioHs  papers  on  Die  .\noiiiAdontm 
hv   Owen,  Seelev.  Oo|)b.  Daur. 

R.  Broom.    fMnnj-  recent  papcnt  by  Oroom  <m  tha  Tlieriodontia   and  cbeir 
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but  the  connecting  forcn  \a  stiU  undiscovered;  man  hinifictf  is  not  ht 
from  llio  various  types  of  anthropoid  apos,'  but  hie  actual  connccling 
rclntionsliip  is  unknown. 

We  ftre  no  longer  content,  howev^,  with  these  approaches  to  actual 
conl&ct  and  genetic  kinship,  vre  have  tolled  so  long  both  by  di» 
covery  and  by  the  elimination  of  one  error  after  another,  and  are 
so  nea-r  the  promised  land,  we  can  hardly  restrtun  our  impatieoee. 
I  venture  lo  prcdiot  that  the  contact  of  the  amphibia  with  tie 
fishes  will  be  found  either  in  Anicriofl  or  Europe.  No  sueh  prediction 
could  safely  be  made  regarding  the  conuectJng  form  between  tlie 
amphibians  and  reptiles,  because  America,  Eurasia,  and  Africa  all 
show  in  contemporaneous  deposits  ondence  that  such  connectioB 
may  be  discovered  at  any  time.  The  transformation  from  reptUes 
to  birds  will  probably  be  found  in  the  Peraiian  of  America  or 
Euraeia;  elmnees  of  voiuiecting  the  mamniala  with  the  reptile 
are  decidedly  bright«at  in  South  Africa;  while  in  Europe,  or  mone 
probably  iu  Asia,  we  shall  connect  man  with  generalized  catarhiix' 
primates. 

Passing  from  these  larger  questions  of  the  lelatiotis  of  the  grett 
classes  of  vertebrates  lo  each  other,  let  us  review  the  problems  Briaing 
in  the  individual  evolution  of  the  classes  themselves. 


Geogn^ieat  Probtaru 


The  primordial,  solid- skulled,  or  stcgocuphaliau  ampKibia  of  tb^ 
Permian  diverged  into  a  greAt  variety  of  forms  which  wandered  onr 
Eurasia  and  Nort.h  America  eo  freely  that,  for  eJtample,  we  find  >s 
close  a  resemblance  between  rertain  Wurtemberg  and  New  Uexicsn 
genera  {Mctopiaa)  a»  between  the  existing  stag  of  Europe  and  tlie 
wapiti  dccT.  Which  branch  of  these  primortUal  amphibians  gave 
riae  Lo  the  modem  frogts  and  ealamandcns  wc  do  not  know.  Tllta 
and  hundreds  of  similar  facts  sug^^st  the  vital  importance  of  palee- 
geography. 

As  regards  paleogengraphy,  the  great  induetion  can  be  made  thai, 
throughout  the  whole  period  of  vertebrate  evolution,  and  until  com- 
paratively recent  times,  Europe,  Asia,  and  North  America  consti- 
tuted one  continent  and  one  hfc-region,  or  Arctogsea  (Huxley.  1868, 
Blaniord,  1S90),  with  which  the  continents  of  the  southern  hCToi- 

AUiu.l  Annah  of  the  Boutb  African  Mti«cum,  fUcord*  of  Iho  Albuijr  MiweiM 
(Cap»  Colonr),  J*mrffding«  of  tlio  SCoMogirftl  Bocttty  of  I^oodon  (eifMcially  1901). 
vol.  11,  pp,  162-1&0,  10(M;    vol.  I,  pp.  -V90-49S. 

K.  Hnpckcl.  Thr  Liul  I.irt:,  (hir  Fmnti  KnovM^  of  Om  lirtrenl  of  Man.  LoQ- 
dan.  1898.  156  ))p.;  On  Our  Prftent  Kno^tdm  of  Om  Oriffin  «/  itfan.Anmial 
fff7wr(.Smiili»nian  Institiitt^.  I&9S,  pp. 461-480;  Amkrojiogftif.  2  voXh.  tripnf. 
mi3,  pp.  ftf->. 

A,  a.  Kr-ani;,  Man.Paal  and  I'rtucitl,  Cnmbridgc  L'nivcnity  Fran,  XT,  IflW. 
641j  pp.;  Winaion,  Uiuv«raity  Fran,  IWO. 
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sphere,  namely,  Africa,  South  America,  and  Australia,  were  int«r^ 
milt«nlly,  but  not  continmiUBJy  connected  by  laod.  A  great  euutherly 
coDtincut,  Notogspa  (Huxley,  18GS),  connected  witli  a  south  polar 
Antarctica,  now  submergoil,  is  a  tlioory  very  widely  supported  by 
soologTSts  '  and,  I  bclievf.  by  botnniais,  although  ita  existence  is  still 
denied  by  certain  geographers  (Murray).  We  find  Permian,  Jurassic, 
lat€  Cretaceous,  and  early  Tertiary  proofs  of  Antarctica  in  the  fresh- 
water cruataeeans  {Ortmann),  in  fresh-water  fishes  (Gill),  in  littoral 
moUusca  (Ortmann),  in  n>ptiIeB  (Smith  Woodward  and  Osbom),  in 
birds  (Forbes and  Milne  Edwards),  in  womm  (Beddard),  in  the  Aus- 
tralian animals  (Sponger),  in  the  fonsil  niolluscra  of  Patagonia  (Ort- 
mann), and  in  tbu  fossil  mamniaU  of  Patagonia  {Amegliino).  To 
marshal  and  critically  examine  all  this  evidence  and  convert  this 
most  convenient  Antarctic  hypothesia  into  an  established  working 
theory  1  consider  one  of  the  most  pressing  problems  of  the  day. 


IP 


PnAlem  af  the  Source  of  the  Reptiies  and  Mammaia 


Returning  from  this  geographical  detour  to  paleontology  as  history, 
wc  should  first  note  that  already  in  the  Permian  there  was  developed 
such  nn  astonishing  variety  and  differentiation  of  the  reptiles  that  wo 
must  look  to  future  discoveries  in  the  Carboniferous  to  find  the  actual 
points  of  descent  of  reptiles  from  the  amphibia.  These  Permian  and 
Lower  Triassic  reptiles  '  are  of  three  kinds,  comparable  to  a  parent 
(Cotylosauria)  and  two  ofTspring  (Anomodontia  and  Diaptosauriu). 
[n  the  parent  group  (the  Cotylosauria,  or  eolid-skulled  reptiles),  wo 
find  so  many  fundamental  eimilaritiea  to  the  Stegocephaha,  or  soUd- 
skulEed  amphibia,  that  only  by  the  possession  of  many  parts  of  the 
body  can  we  surely  distinguish  n^plile  from  amphibian  remains.  The 
primordial  reptile  was  probably  altugether  a  land  animal  continuously 
using  its  limbs  in  awkward  progresHJon,  bringing  forth  its  young  by 
land-laid  eggs  and  probably  poiisessing  gilts  only  as  vestiges.  These 
cotylosaurs  show  ver>'  wide  geographical  distribution,  South  Africa, 
Siberia,  Great  Britain,  and  North  America,  and  equally  renmrltable 
adaptive  radiations  of  habit  into  small  and  large,  honied  and  hornless 
types,  some  of  which  were  certainly  dying-out  branches,  while  others 
led  into  the  two  offspring  groups. 

Leaving  this  parental  order,  in  the  Permian  and  I,nwer  Trias,  we 
first  see  in  the  older  offspring,  the  Anomodontia,  reptiles  of  varied 
SIM  aDd  description,  earnivomus  and  herbivorous  in  habit,  most 
abundantly  found  in  South  Africa,  in  .\sia,  and  in  Europe,  and  not 

'  A.  E,  Oitm&nn,  The  Theorit*  of  th<  Oriyin^l  the  A-nlanHc  Fauna* and  Fiara», 
Ameriean  NaJurafiat,  vol.  36,  Fob.  lllfll,  pp.  139-142. 

H.  F.  (>*boni,  .SVirtw.  N.  8,.  vol  xi.  April  13,  IflOO.  pf>.  564-Aft6. 

'  K.  Zittel  [C.  It.  EAstmnsi}.  Text-book  oj  Patoontetojry.  vol.  ii,  London,  1902. 
pp.  179-167,  trnnsktul  by  Enntmitn.  See  Kotet  4. 5,  pp.  S7S,  576. 
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at  all  as  yet  in  America,  either  Nortb  or  South.  The  high  degree  of 
litne»»  for  difTerent  habits,  or  ra<liat)Oti,  of  the  anomodonts  is  di»- 
tinguisiied  from  that  of  any  oilier  replilea  at  any  time  by  iU  numer- 
OUE  analogies  to  the  radiation  of  tbe  mammals,  namely,  into  ver>- 
largo  and  very  small  forms,  into  carnivorous  and  herbivorous,  into 
terrestrial  and  possibly  into  aquatic  types;  in  fact,  some  of  thesp 
animals,  tf  seen  on  land  to-day,  might  readily  he  roistakea  for  mam-  , 
mals. 

The  second  offapriHg  of  the  Cotyloaaiiria.  on  the  contrary,  lh*=s 
Diaptosauria.  are  esscutially  and  mmiiatakably  sauriana;  that  is,  if* 
seen  about  us  to-day  they  would  undoubtedly  at  first  \ie  described  a-s^, 
lizards.  They  were  etill  more  broadly  cosmopolitan  in  range,  beinfL^ 
scattered  over  Ixith  Amerieas  (I'elycosBuria,  Proganosauria) .  Europ^i^ 
(Prutonisuuriu ,  Rhynchosauria),  A^a  (Rhynchotiaiiria),  and  Africc^ 
(Proganosiiuria.  ithynchosauria).  They  arc  also  found  highly  diverst^ 
fied  in  type,  but  all  thri r  analogies  of  fitness  ore  witli  ihe  reptiles  an.^ 
not  with  the  mammnla.  It  is  of  prime  importance  that  more  of  ther^ 
diaptoMurs  be  fniind,  and  that  those  already  known  in  the  museui^t^ 
»hnuld  he  more  critically  examined.  What  we  already  know,  bo^  ^ 
evej-,  enable.1  us  to  establish  the  following  facts:  first,  that  the  p^^ij 
enta^e  of  these  animals  is  more  probably  among  the  cotylosours  tlw^  j^^ 
amon^  the  anomodonts,  and  second  that  already  in  the  Penn^  jn, 
they  hod  formed  a  sufficiently  large  number  of  branches  to  ^ 
regarded  as  a  fully  evolved  radiation. 

PrMem  of  Ihe  Adaptaiion  of  the  Metozoie  RepxU* 

la  the  Triasaic  the  aff.spring  of  the  anomodonts  and  of  the  diap 
Mure  appear  aa  tlic  third  gcncrutinn  fniin  the  cotylosaurs. 

The  recurrent  difficulty  arisoa  that  the  actual  points  of  contwl  of 
transition  from  the  anomodonts  are  wanting,  and  we  must  continuf 
to  reason  by  the  ideal  reconstruction  of  the  hypothetical  tinkinf 
forms.  Such  reasoning  connects  thp  Tesludinala  (turtles  and  to^ 
toisi's),  lh»;  Sauroplerygia,  or  marine  picsiosaurs,  and,  singulwK 
enough,  our  own  ancestors,  the  primordial  mammals,  with  the  groiF 
of  anomodonts,  and  not  at  all  with  that  of  the  diaptosaurs.  Herein 
the  Upper  Permian  and  Lower  Trias  we  must  await  both  disreverr 
and  the  eloseet  critical  analysis,  but  if  this  still  hypothetieal  affiLaiiw 
be  confirmed  by  discoverj-,  as  I  personally  am  sanguine  it  will  V. 
then  it  will  be  true  to  say  that  the  manunals,  and  hence  man.  tf 
much  more  nearly  affiliated  to  the  anomodonts  than  to  either  thf 
lizards  or  anakes,  which  are  both  on  the  great  Diaptoeaur  bnmcb 
Our  preaence  on  the  great  anomodont  branch  and  remoteness  from 
the  creeping  and  crawling  reptiles  will  perhaps  afford  some  consols- 
tion  to  those  who  still  shrink  from  the  ultimate  consequoncet ' 
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I>Arwin'B  Dttetnt  of  .Van.  As  regards  degrees  of  probability,  it  must 
be  said  tlial  while  ihc  afiiliaiion  of  the  Ptpsiosaurs  aod  Tcstiidinata 
vrith  the  niwmodont  group  still  requires  confinna.tion,  the  connecUon 
of  the  mammals  with  certain  anomodonta  (Theriodontia)  '  in  not 
only  probable,  but  is  almost  on  the  verge  of  actual  dcraoimtnition, 
nnd  at  pT««cnt  it  seems  Hkely  that  the  Karoo  Desert  of  South  ^Vfrica 
■will  enjoy  the  honor  of  yielding  the  final  answer  to  the  problem  of 
the  origin  of  mammal*,  which  has  stirrod  coinparalive  anatomists  for 
the  last  !iixty  years, 

Turning  to  the  progeny  of  the  other  branch,  the  Permian  diapto- 
fiaurs,  we  find  them  embracing  (with  the  exception  of  the  TestudinaU 
and  plcsioeaurs)  not  only  vast  reptilian  armies,  marahaling  into  thii^ 
teen  orders,  mastering  the  distinctive  Age  of  Reptiles  (Triassic, 
Juraesic.  and  Cretaceous),  and  surviving  in  the  four  exifiting  orders  of 
lizards,  snakes,  crocodiles,  and  tuateras,  but  we  also  find  ihem  giving 
off  the  birds  as  their  most  arist4H;ratie  descendanls.*  The  bold  con- 
ception of  the  connection  between  these  thirteen  highly  diversified 
orders  and  a  simple  ancestral  form  of  diaptosaur,  typified  by  the 
Permian  Paiaohatteria  or  the  surviving  Hatteria  {tuatera  of  New 
Zealand)  we  owe  chiefly  to  the  geniua  of  Baur,*  a  Bavarian  by  birth, 
an  American  by  adoption.  Absolutely  diverse  as  ttiesc  modern  and 
extinct  orders  are,  whatever  material  for  analysis  wo  adopt,  whether 
paleontologira],  anatomical,  or  embryolngical,  the  n^ault  ia  alwaya 
the  same,  —  the  reconstructed  priinoniial  central  form  is  alwaya  tlie 
little  diaptosuurian  iixurd.  The  actuuL  Wiwa  of  eonnoction,  however, 
are  etill  to  be  ti'accd  into  the  ^rcat  radiations  of  the  Mcsozoic. 

The  chief  impression  derived  from  the  survej-  of  this  second  branch 
of  the  rnptiles  in  the  Mcsoxoic  as  a  whole  is  again  of  ratliations  and 
subrad iatinns  from  central  forms  and  the  frequent  independent 
evolution  of  anulogotts  types.  The  aquatic  life  had  been  already 
choarn  by  the  plesiosaurs  and  hy  Komp  of  the  turtles,  us  well  as  by 
tnciubers  of  three  diaptosaur  orders  (Prnganosuuria.  Chonstodcra, 
certain  HhynchoccphaliR),  two  of  which  were  sm^-iving  in  Jurassic 
times.  Yet  it  is  independently  again  ehosen  by  four  distinct  Triassie 
orders,  always  beginning  with  a  fresh-water  phase  (Parasuohia, 
Crocodilia).  and  sometimes  terminating  in  a  high-sea  phase  (Ich- 
thyoeauria,  Mosasuuria,  Crocodilia).*    In  the  Jurassic  penod  there 

'  H.  V.  Oabom.  RerlatnifieaSion  of  the  Replilxa.  Amrrirnn  NrUuratutl,  Fob,  IfKM, 
pp.  9;{-tlS.  For  th<!  nisptoaatiriu.  iH«  dsnom  on  Th*  Jtf-ptilian  Subetattfa  Dia- 
ptcida  and  SyruipMita,  Mrmoirt.  AjiiMicjin  MiiMnim  ut  Niituml  Hidlon',  vol.  I.  |it. 
VIII,  Niiv.  inns,  p.  41(7  ft  ws. 

*  II.  F.  tJsljora.  Rftormdrratifin  of  the  EfiJmtt  for  a  Common  THrtomiur-A  vian 
Stem  in  the  Ptrtnian,  A  iwrriwin  Xaluralut,  vol.  xxxrv,  no.  406.  Oct.  1000,  pp. 
777-789. 

*  G.'Bdirr.  On  Ihr  I'hitl^genetic  Arranyemcnl  of  (he  SaurvpinJo,  Jovnal  of  Mor- 
pholag!/.  vol.  r,  Sept.  1887,  pp.  90-100. 

*  K.  KmaA.  Dtf  Mter-CrModilier  {Xhalatlo$\Aekia)  de*  ob«rtn  Jun,  PaUantogra- 
jihica.  fid.  XLiX,  StulLgiLrt.  1902. 
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were  altogether  no  less  than  tax  orders  of  reptiles  which  had  iode- 
pecdcntly  abtindoncd  tcrreetrinl  life  and  acquir«l  more  or  Im 
perfect  BdaptJition  to  aquatic  life.  Nature,  limited  in  hor  reaourees 
of  outfitting  for  Rquatic  life,  fashioned  so  many  of  thesis  animals  into 
like  form,  it  is  .Htnall  wondnr  that  only  within  the  lant  two  year^  have 
we  finally  duftingiiiKhed  all  the  similarities  of  analogous  habit  from 
the  flimilaritics  of  real  kintihip. 

The  most  coQscr^-ativc  mcmbcn  of  this  weood  branch  are  the 
terrestrial,  four-footed,  pcrsistcntty  saurian  or  Uiard-like  forms,  t^ 
ttiateres  and  the  true  lizards;  but  from  these  types  a^n  there  radi- 
Bted  off  one  of  the  marine  orders  (Mosasauria),*  the  limbless  snalus 
(Ophidia),  while  the  lisards  themselves  have  in  recent  times direreed 
almost  to  the  point  of  true  ordinal  deparation, 

The  most  highly  specialized  members  of  this  second  branch  ore,  of 
course,  the  flying  pterosaurs,  of  whose  ancestry  we  know  nothing. 
Also  in  a  grand  division  by  themselves  there  evolved  the  dinoflsun, 
distinctively  terrestrial,  ambulator)',  originally  carnivorous,  aid 
probaljly  more  or  less  bipedal  animals.  Not  far  from  the  stem  of  thr 
dinosaurs  was  also  the  source  of  the  Inrds,  also  distinguished  In' 
bipedalism.* 

The  working  plan  of  creation  becomes  day  by  day  more  clear;  ila 
ili&t  each  group,  given  time  and  apace,  will  not  only  be  fruitful  and 
multiply,  but  will  diversify  in  the  search  for  every  form  of  food  Iff 
every  possible  method.  Specialization  in  the  long  run  proves  fatal: 
the  most  specialized  branches  die  out;  the  members  of  the  least 
specialised  branches  become  the  centres  or  stem  forms  of  nev 
radiations. 

The  Mammals  oj  Four  Coniinenia 

So  it  is  among  the  mammals,  in  which  these  principles  Sod  bck 
nnd  beautiful  itlustrationa.  although  our  knowledge  of  the  eariy 
phases  is  fragmentary  in  the  extreme.  Our  sole  light  on  the  fint 
phase,  in  fact,  is  that  obtained  from  the  two  siunnving  monotremH 
of  the  Australian  region;  from  this  extremely  reptilian  and  egg* 
laying  monotreme  phase  it  appears,  although  opinion  is  divided  oa 
(his  point,  that  beiore  the  Jurassic  period  (i.  e.,  already  in  the  Trial) 
two  branches  were  given  off,  the  plareutal,  from  which  sprang  alt  the 
moderntzed  ntamumls,  and  the  marsupial. 

The  marsupials  appear  to  have  passed  through  an  arboreal  or  tn*- 
Itfe  condition,  something  similar  to  that  soon  in  the  modem  opoanmi. 

*  For  tbe  origin  of  the  Moeasaura  ate  L.  DoUo,  Le*  Aneftna  dta  Jfooanvncw. 
BulUHn  Scmt^nt  de  h  Pnrm  et^h  Btfyim*.  i.  38,  pv.  187-139. 

P.  Baron  Nopcva.  Orurtn  of  Ae  .Motataurt,  GMlogieal  itagoMint,  \.  S-  dec.  V, 
vol.  X,  no.  405,  Marfth,  1908,  pp.  11(^131. 

S.  W.  Wilfiston,  Tke  lUtaHmuMp*  and  HiOit*  »/  thf  Mmuamn,  Jmmaf  tf 
Gtt^om.  vol.  XII.  no.  1.  j!U>.-Feb.  IflCH. 

*  3mnotc2,  p.  581. 
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The  marsupials  found  their  opportuuity  for  unchecked  adaptive 
rftdiatjoa  in  Auslralia,  and  despite  the  disadvantage  of  starting  from 
a  specialized  arboreal  type  (Huxley,'  Dollo,'  Bensley"),  through  the 
later  Cretaceous  and  entire  Tertiary  a  richly  divereified  fauna  evolves, 
partly  imitating  the  plai^piitats  and  partly  invonting  new  and  more 
or  less  pei-uliar  furiu^  of  maiumiils,  auch  aa  the  kangaroo. 

Tbe  oldest  placental  radiation  which  is  fully  known  is  that  which 
was  first  perceived  in  Europe  and  fully  recognized  hy  the  discovery 
in  1S8U  of  Uie  basal  l!Accnc  mammals  of  North  Amcrico  —  it  may  bo 
called  the  Cretaceous  radiation.  These  mammBls '  are  distinctly 
antiqui-,  small-brained,  clumsily  built,  divcmififHl.  imitative  both  of 
the  niaraupia]  and  of  the  mibsequent  pl&oentul  radiations;  a.nd  our 
fuller  knowledge  of  tln-m  after  twenty-five  yean  of  research  is  at  onco 
satisfying  and  disupiMiinling,  satiisfying  bc^causc  it  ^ivrn  u&  proto- 
types of  the  higher  or  uiodcru  mamuialts,  disappolntin);  bccauae  few 
if  any  of  these  prototypes  comiect  with  the  modem  mammols.  This 
fa^jna  is  found  in  the  Cretaceous  and  basal  tx>cene  of  Europe,  North 
America,  and  possibly  in  i'atagonian  beds  of  South  America  (Ame- 
ghino),'  and  while  giving  rise  to  many  dying-out  branches,  by  theory 
it  furniiihed  the  original  spring  from  which  the  great  radiations  of 
modem  mammals  [lowed.  Hut  practically  again  wc  await  the  direct 
connections  and  the  removal  of  many  difficulties  in  this  theory.  In 
fact,  one  of  the  great  problems  of  tho  present  day  is  to  ascertain 
whetha"  this  radiation  of  Cretaceous  mammals  actunlly  furnished 
the  stock  from  which  the  modern  mammals  sprang,  or  whether  there 
was  also  some  other  generalized  source. 

The  Tertiary,  or  Age  of  Mammals,  pre,sent8  the  picture  of  the  dying 
out  of  these  Cretaceous  mammals  in  competition  with  the  direct 
ancestors  of  the  modern  mftmmak."  I  use  the  word  modem  advisedly, 
because  even  tlie  small  horses,  tapirs,  rliinoccrosos,  wolves,  foxes,  and 
other  mammals  of  the  early  Tertiary  are  essentially  modern  in  brain 
development  and  in  the  mechanics  of  the  skeleton  as  compared  with 
tbe  sm&ll-braincd.  ill-formed,  and  awkward  Cretaceous  mamroxile. 

Whatever  the  origin,  two  great  facts  have  been  established:  first, 

'  T,  H.  Hurley.  Onthr  Applitatianofthf  Lavjt  of  KviAvtion  to  Ihe  ArrftnifTnmt 
ojthe  VcrUbrata.and  mare  particularlji  o)  tkt  iVcTMffui'ia./'nMvni'tn^ii  of  tike  Zoolog- 
ical SociMv.  Lotnlon,  ii|>.  tH9-6fl2. 

'  \..  Dollo.  IjTf  ATir''tTr«  dr-e  hlarmtpiaux  AoMnHb  tu^anMlct.  MisceUan^ 
BiotoffUnici,  18D0,  Paris,  pp.  188-203 ;  Lt  Pied  du  tHrntodtm  et  VOrigina  arborieak 
dn  Martupiaux,  BiMehn  Scicntifiguv  4e  la  Fraiut  ct  dt  Ut  Bflgiivii.  1900,  pp. 
27S-280. 

*  B.  A,  BMuJpy,  On  the  EccMum  of  Ihfi  Amlratitm  Afarmpiaiia,  Tranaaetiimadt 
the  lanniwin  SocMv.  I^ti<ion.  2d  acr.  Zoftlogy,  vr,\.  ix.pt,  3,  4to.  I-flndon,  1903. 

*  'S\^%\A,Xhe  Mxiltittiberculala.Crtadimln,  TiUodontia,  Condylarihra.  Avrbij/^oda. 

*  Fl.  A[nHKlii"'>>  .'ifammiftTta  rrHnrix  de  i'Argimtiw,  UatifHtrui  i!«^-!  lostituto 
OaognScn  .^rip-ntinm,  tomo  xnn.  1897.  p.  1  !7;  A'ofifr.*  I'n'IHninnirf  nir  dot 
Jfomnu'/'Tr.a  ^iauucavx  ties  Terrains  Critar^*  de  Patagonie.  Bolclin  dc  VAcaAetniA 
NacionaJ  de  Cifnt-iiu  dr  r<ini(ilin,  I^inm  xTii,  1902.  p\i.  .VflS. 

*  H.  F.  Oebnni,  TVd  Ye.ari'  I'Tugrrna  in  the  Mammahari  Palinnlviaq]/  </{  North 
America,  Complta  Hendue,  Coogrie  iiitcniatioa&la  d«  ZoOlogio,  lUlc,  1905. 
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the  modem  mRmmnls  suddenly  appear  in  the  Lower  Eocene  (us diBtin- 
giiished  from  the  bflsiil  Eocene,  in  which  the  Cretaceous  mamnuk 
are  found),  and  second,  they  enjoy  a  more  or  lew  independent  evdo- 
Uon  and  radiation  on  each  of  the  four  great  continents.  There  thus 
aroBc  the  four  peculiar  or  indigenous  continental  fauna-  of  Sooth 
America,  of  North  America,  of  Europe  and  Asia  or  Eumsia,  and  of 
Africa.  Of  these  South  America  was  by  far  the  mo«t  isolated  and 
unique  in  its  animal  life.  North  America  and  Exirasia  were  much  ttit 
eloaest,  and  Africa  acquired  a  halfway  position  between  isolation  and 
MHDpenionahip  with  Eurasia. 

SoxUk  America.  The  most  surprising  result  of  recent  diecoven- 
is  that  the  foreign  element  mingled  with  the  early  indigenous  South 
American  fauna  is  not  at  all  North  American,  hut  Aualralian.'  The 
wonderful  variety  of  eight  orders  of  indigenous  rodents,  hoofed 
animals,  edentates,  and  other  herbivores  were  preyed  upon  by  carni- 
vores of  the  marsupial  radiation  from  Australia,  which  apparent!; 
came  overland  by  way  of  Antarctica.  There  are  possibly  here  also 
«ome  South  African  forcignere.  The  South  American  radiation  mow 
or  Ies8  closely  imitated  that  of  the  northern  hemisphere.  Late  in 
Tertiary  times  North  America  exchanged  its  animal  product*  witli 
South  America,  practically  to  the  elimination  of  the  latter. 

Eurasia  and  Narlk  America.  Each  of  these  continents  contaiixd 
four  ordrnt  of  mammals  in  common  with  South  America,  namely, 
the  Primates  (uioiikcye),  the  Insectivores  (moles  and  ahrewB),  the 
Rodents  {porcupines,  mice,  etc.),  and  the  Edentates  (annadiUcs. 
etc.).  From  some  early  Tertiarj'  source  North  America,  Eurasia,  and 
Africa  also  acquired  in  enramnn  four  great  orders  of  inamnials  which 
are  not  found  at  all  in  the  indigenous  foimn  of  South  America.  Thcw 
are  the  Carnivores  (dogs,  eats,  etc.).  the  Artiodactyla  (deer,  bovines, 
camels,  and  pigs),  the  Pcrissodactyla  (horses,  rfainoccroaes,  and 
tapirs),  and  the  Cheiroptera  (bats).  Migration  and  animal  interconi- 
munication  between  North  America  and  Kurasia  was  very  frequenl. 
The  history  of  these  nine  orders  of  mammals  in  North  America  and 
Eurasia  developed  ns  follows;  Certain  families  indigimous  to  North 
America  both  evolved  and  remained  here,  others  finally  migraled 
into  Europe  and  South  America.  Similarly  Kurasia  had  Us  coqIibH- 
oufl  evolution  into  forms  which  remained  at  home  as  well  as  into 
those  which  tinaily  migrated  into  North  America  and  even  into 
South  America. 

A/ru-a.     The  most  astonishing  and  gratifying  feature  of  recent 

>  Tot  a  U'riM  af  mono^phB  on  the  South  Am^ncnn  frmml  Inunai,  sm  JftffI* 
of  thf  l*rinci't«n  X'nivprsity  Kspcditions  to  Pntaflonia.  tSDft'W,  4tO,  Princeton. 
N.  J.  For  the  Aiifflrnliiui  i-ii'iiirnt  in  lliii  Knuth  AmoricBn  faunas  ma  Mcraw. 
Soft  on  tilt  DijfOiTry  of  Miolama  ...  in  f'atagimia,  Sahire,  Au|[.  24,  1899.  p. 
3«fl'  H,  F  OftlMm,  Sciiitct,  N.  S..  vol.  si,  April  13.  1900,  pp.  fiaV-A66.  SinclMr. 
W.  J.,  Thr.  Mnrrujriat  FaiiiutoJ  thr  Simtn  Cnit  BrdK.ProeerdingsotthKAtarnem 
PhiloBophicaJ  Sodrty,  vol.  xux,  1906,  pp.  7a-81. 
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paleoDtologicaJ  progress  has  been  the  revelation  of  what  was  tAking 
place  in  Airiea  at  the  eame  time  (Andrews  *  and  Boadnel))-  This  dis- 
covery came  with  its  quota  of  unthought-of  forma,  &Ibo  with  the 
repreaentatives  of  three  orders  which  it  had  been  prophesied  '  would 
be  found  there,  namely,  the  Proboficidea  (elephants  and  mastodons), 
the  Sirenia  (manatees  and  dugonga),  and  the  Hyraooidea  (ooniee). 
The  basis  of  this  prophecy  was  the  anomalous  fact  that  these  animals 
suddenly  appeared  in  Europe  in  the  Miocene  and  Pliocene  fully 
formed  and  without  any  ancestral  bearings;  it  was  certain  that  tliey 
had  evolved  somewhere,  and  Africa  socmcd  the  most  probable  home, 
rather  than  the  currently  accepted  unknown  regions  of  Asia.  Thus 
by  a  sudden  bound  paleontology  gains  the  early  Tertiary  pedigree 
of  the  elephants  and  of  two  if  not  three  other  orders. 

Africa  in  the  early  Tertiary,  whether  from  the  absence  of  land  con- 
nections or  from  climatic  barriers,  was  a  very  independent  zodtogical 
region.*  Some  predatory  Cretaceous  mammain  (Crcodonta  or  primi- 
tive carnivorna)  found  their  way  in  there,  al»D  certain  peculiar 
artJodactyls  (Hyopotomids).  Here  also  were  two  remarkable  types 
of  mammals  (ArsinoUherium,  Barytherium)  which  have  no  known 
affinities  elsewhere,  as  well  as  the  extremely  aberrant  Cetaceans  or 
ZeuglodoDts. 

The  OtUiook 

From  all  these  continents  we  have,  tbcreforc,  finally  gathered  the 
main  history  during  the  Tertiary  period  of  eighteen  orders  of  mam- 
mals. We  have  still  to  solve  the  origin  of  the  cetaceans  or  whales, 
stjil  to  connect  many  of  these  orders  which  we  call  "modem"  with 
their  sources  in  the  basaJ  Eocene  and  Upper  Cretaceous,  still  to 
follow  the  routes  of  travel  which  they  took  from  continent  to  contin- 
ent. Encoxu-aged  by  the  prodigious  progress  of  the  past  twenty-five 
yean,  we  are  confident  that  twenty-five  years  more  tciU  see  all  the 
pWBOPt  problems  of  history  solved,  and  judging  by  past  experience 
iro  may  look  for  the  addition  of  aa  many  new  and  no  less  important 
ones. 

■  C.  W.  Andivwii,  io  (kological  Magaeine  fur  1900.  1901,  1903,  1903,  1904,  in 
Attnala  and  Alogannt  of  Xalural  IHttory,  H>03,  p.  1L5;  in  Pncetdin^t  of  the 
Zofili^icAl  Sofielv.  LonJon.  1602, j>.  228;  in  Pr»c*ciiinff»  of  the  Hovftl  Society, 
vol.  71,  p.  443;  in  Pkilosophieal  Tranaaetions,  ser.  B,  val.  lOS,  1903,  p.  99;  in 
Fubheati/ma  of  the  Survpy  iJcpjulnii'Tit,  Cairo,  ERypl. 

'  H.  F-  (.lnlwnt,  The  tlrckiffirni and  Faurtnl  liflaltimt  «/  Kurajxt  and  Amtriai  .  .  . 
ajui  the  Theorjf  oj  the  Sucaarire  Invaaicms  of  an  AJtiam  Fauna,  Science,  N.  5.  voJ, 
XI,  no.  276.  pp.  561-674,  April  13,  1900. 
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The  Chairman  of  the  Section  of  Petrology  and  Mineralogy  was  Dr. 
Oliver  C.  FajriiiRton,  of  the  Field  Columbian  Muaeum,  who  opened 
the  Section  with  the  following  remarks: 

"  This  Section  has  met  in  the  tntercRts  of  the  soieiices  of  petrulop;y 
and  minpralogy.  Although  mineralogy  is  the  older  of  these  two  sci- 
ences, it  is  quite  likely  that  petrology'  will  claim  more  of  our  attention 
to-clay  sincR  i\a  problems  are  at  present  the  more  prcsfflng  and  per- 
pIcxinK.  Thin  is  in  accord,  as  well,  with  the  usual  human  experience 
that  a  younger  child  requires  more  attention  than  an  older  one. 

"In  accordance  with  the  uniformprogramraeof  theS^'ctionsof  this 
Congress  it  is  sought  to  have  presented  here  one  paper  dealing  with 
the  relations  of  petrology  and  mineralogj'  to  other  sciences  and  one 
treating  of  the  present  problems  of  these  sciences.  We  regret  veiy 
much  that  Professor  Tlrogger,  who.  it  waa  hoped,  would  prepare  the 
paper  upon  '  Preaent  Problems.'  finda  it  impossible  to  undertake  the 
work, and  hencewearedeprivedof  the  pleasure  of  seeing  and  hearing 
from  him, 

"  The  'Rdalions'of  Petrology  and  Mineralogy  to  other  Sciences' 
will  be  treated  by  Professor  Zirkel  of  the  University  of  Leipeio.  It 
18  with  especial  pleasure  that  wc  greetliim,  flince  we  remember  tJiat 
it  was  the  elder  Zirkd  who  was  in  a  sense  the  pioneer  of  petrology 
tn  America.  It  was  no  longer  ago  than  1!!76  that  tlie  Direutor  of 
the  Survey  of  the  fortieth  parallel  of  the  Unitwl  States,  Clarence 
King,  desiring  a  desoription  of  the  rooks  obtained  by  the  Survey, 
found,  as  he  states  in  his  report,  that  'the  important  study  of  pe- 
trologj-  had  suffered  complete  neglect  in  America,' and  hence  he  felt 
obliged  tu  'turn  to  Kumpe  for  aid.'  It  was  this  description  of  the 
locks  of  the  fortieth  parallel  by  Zirkel  which  was  in  a  sense  the  pioneer 
publication  in  petrography  in  America,  and  it  still  romnins  fl  claaaio. 
We  of  America  may  take  a  just  pride  in  the  fact  that  it  would  no 
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longer  be  necessary  to  'turn  to  Europe  for  aid'  in  such  an  emer- 
gency, but  that  it  would  not  be  necessary  is  due  in  no  small  sense  to 
the  unselfish  and  earnest  labors  of  Zirkel  and  his  contemporarieB  in 
the  instruction  of  American  students  and  in  the  study  of  American 
rocks." 


I 


THE   RELATIONS    EXISTING    BETWEEN   PETROGRAPHY 
AND    ITS    RKLATEU    SCIEN'CES 

UY    FERDINATTD   ZIRKEI. 

<3Van«lii/«e^  /ram  the  German  by  Ckvtlarui  Abtte,  Jr.,  Waskinffton,  D.  C.) 

[FcfdinamdZiTlltl.Ordinan' Professor  or  Miiu^ralogy  and  Geology  in  tli«  University 
of  Leipnc,  Diroctor  cjf  ttip  MlnrralugiejU  Miuti-uni  and  Institute,  b.  Mav  20. 
1K3S,  BAnn-«n-t)iirHhinr>.  <M<nnnn}',  Ph.D.  Univcniity  of  Bonn.  1H61.  ftnyal 
PriTy_  Councilor;  ProfcsBor.  Univcreity  o/  Ltmbetg.  I8fl3-flS;  Kirl,  I86.V70; 
Leipaac.  eiuce  1S70.  ML-mltrr  of  iIil-  Academics  of  Sdencc  of  LtLTlln.  VicnnA. 
Municli,  GatUiit^rn,  Tunn,  lUiuur.  ('liriHluBnia,  N'nr  York;  Koyol  Society,  Lon- 
don; Honanvry  Meubcr,  Royal  Society,  EdiDburfCb-l 

Few  other  scienccB  have  undergone  such  profound  ehangcs  during 
the  Is3t  third  of  the  past  contui^*  &s  has  the  science  of  petrography. 
The  re6ned  methods  of  invpstiftation,  e-Spcctally  the  preparation  of 
thin  rock  sections,  the  employment  of  the  microscope,  and  the  appli- 
cation of  other  optical  infltrumrnts,  to  which  are  due  in  part  thu  pre- 
sent tstatua  of  the  snience,  have  been  invented,  improved,  iind  made 
to  bear  fruit  only  T^-ithin  the  poet  thirty  or  forty  years.  The  resultant 
increase  in  number  of  known  facts  and  their  correlation  by  means  of 
geological  observations  bus  been  accompanied  by  inereascd  efforts 
to  deepen  our  insight  into  the  caUBal  connectione  and  gonetic  relations 
between  petrographic  phenomena.  During  the  same  period  there  haa 
been  also  a  rapid  increase  in  the  number  of  investigators  along  pctro- 
graphic  lines.  Tbiis  increase  is  due  in  part  to  the  inspiration  and  sup- 
port of  pctrogrnphic  laboratories  established  during  tliis  period  of 
time,  and  in  part  to  the  national  geological  surveys  whose  collections 
ftod  activities  have  immeasurably  increased  the  amount  of  study 
jnateriaJ.  'Petrographical  hteraturc,  previously  limited  almost  wholly 
to  Germany,  England,  France,  and  Scandinavia,  has  also  taken  on  a 
much  broader  international  character.  A  niunber  of  excellent  young 
students  from  the  United  States,  after  receiving  training  and  inspira- 
tion by  several  years  of  European  study,  have  returned  to  their  native 
l&nd,  and  by  original  independent  research  won  for  her  a  place  in  the 
front  rank. 

No  science  can  exist  wholly  for  itself  alone,  exerting  neither  a  pass- 
ive nor  an  active  influence.  Each  science  must  make  some  use  of  the 
results  acquired  by  allied  branches  of  knowledge  for  the  furthering  of 
its  own  advanceuieiit,  and  again  each  must  contribute  from  its  own 
results  toward  the  advanrement  of  other  sciencea.  Since  the  science 
of  petrography  deals  with  Uie  materials  composing  tlie  firm  external 
crusts  of  the  earth,  t.  e.,  the  rocks,  there  can  be  no  doubt  that  the 
Sciences  most  nearly  related  to  it  are  mineralogy,  geology ,  physics,  and 
ebemistry.  These  sciences,  which  enter  most  directly  into  the  service 
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of  petrography,  arc  certiuQiy  destined  to  became  a  part  of  it  tlirough 
prraceful  afiaiiniliition,  just  as  every  rock  used  iu  the  coustructlou  of 
a  building  thereby  becomes  a  building-stone,,  no  matter  what  other 
Dame  it  tuny  go  by. 

We  now  come  to  two  questions:  first,  What  do  the  neighboring 
sciences  contribute  t«  the  development  of  petrography  ?  and  second, 
What  does  petrography  contribute  from  the  range  of  ite  own  experi- 
ences toward  the  uiidcrBtanding  of  phenomena  or  the  solution  of 
problems  belonging  to  neighboring  provinces?  In  reply  to  these  quM- 
tions  it  would  appear  that  on  the  whole  our  science  receives  more  help 
than  it  ^ves,  although  it  is  not  nourished  and  supported,  by  other 
sciences  to  the  same  extent  as  is  that  great  complex  of  heterogeneous 
sciences  known  as  modem  geography. 

With  respect  to  the  relationship  of  petrography  and  niineralog>', 
however,  conditions  are  quite  the  opposite.  Every  one  who  had  been 
actively  engaged  along  both  these  lince  of  study  during  the  past  dec- 
ado,  and  especially  those  who,  like  myself,  have  developtsl  con- 
tomporancously  with  the  rapid  modem  growth  of  petrography,  will 
admit  that  purely  petrographic  studies  have  been  infinitely  more 
fruitful  to  mineralogy  than  vice  versa.    It  is  true  that  as  early  as 
during  the  fifties  there  had  been  scattered,  disconnected  attempts  (o 
study  isolated  minerals  by  means  of  the  naicroscope;  but  these  at- 
tempts reiiiaiiiod  without  further  agiiifii-ance  because  of  the  iudlifer- 
«nc6,  skepticism,  and  lack  of  comprehension  which  then  prevailed.    J 
General  and   methndiral   mieroseopic  Ktudies  were  first  concerned 
with  the  thin  sections  of  those  minerals  Importtinl  us  being  constil- 
ucnt^  of  rock-species,  and  whose  recognition  was,  thtrnrfure,  one  of 
the  chief  problems  of  petrology  {Geeteinskutidc).    Thus  all  these  in^ 
terpretations  were  undertaken  rather  in  the  scr\nce  of  pctrograph}'^ 
than  of  mineralogy.    All  those  peculiarities  of  the  rock^forminf^- 
mineralg  which  the  petrologiet  was  thus  determining  and  studyinjy 
with  ever-increasing  zeal,  —  the  positions  of  their  optic  and  clastieit>»- 
axes,  their  coefficients  of  refraction  and  of  absorption,  their  rdfttiv« 
cohofiivL-  strengths,  their  twinning  laws,  and  their  finer  structum7 
conditionii^  the  iiatun;  of  their  solid  and  Quid  inclusions,  the  pho 
nomcna  of  alteration  and  weathering,  their  reconstruction  into  new 
cpigenetic  Bubstnnces,  —  all  this  knowledge  has  Ijeen  contributed  to 
mineralogy  proper.    It  was  not  until  the  necessity  anwe  for  stucJ}^ 
ing  the  petrographic  associations  of  many  minerals  that  we  obtained 
light  on  the  history  of  their  development.    Until  p«-trology  included 
thom  in  its  province,  how  meager  was  our  knowledge  of  titanite>  sUli' 
m&nite,  cordtcritc,  zoisitc,  tridymite,  DcphcUne,  leucite,  mellUitc. 
and  many  of  the  feldspars,  of  the  mem  hers  of  the  pyroxone-amphibole 
group!    How  poor  the  text-ljooks  on  mineralogy  would  appear,  if  sil 
of  that  material  baaed  on  [>etn)graphic  work,  which  now  enriches  and 
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lends  attractiveness  to  them,  were  to  bo  withdrafral  That  pctro- 
graphic-j^ologie  theory,  by  mcftnfl  of  which  Bunsen  would  explain 
the  varied  chemicnl  compositions  of  the  eruptive  rocks,  is  reflected  in 
Tschennak's  ingenious  and  fruitful  conceptioa  that  the  iriclinto  feld> 
spare  consist  of  a  aeries  of  mJxturcfi  of  two  chemically  different  but 
isocnorpbouB  end-mem  bc^rs. 

Aa  s  matter  of  course,  in  all  these  mineralogic  potrographic  studies 
ph^tical  methods  are  continually  employed.  While  it  is  true  that  the 
optical  appliances  of  physics  havo  become  the  common  property  of 
the  petrographer,  yet  it  must  not  be  forgotten  that  the  latter  has 
also  invented  new  instruments  after  special  patterns  and  has  made 
valuable  improvpmenta  in  others,  all  of  which  redounds  to  tlie  advan- 
ta^  of  general  physics.  A  further  service  to  physical  science  arose 
from  the  fact  tliat  a  considerable  portion  of  the  laws  of  tieat  and 
optics  had  to  bo  first  investigated  or  verified  by  meaiia  uf  aubstjuices 
which  belong  to  the  mineral  kingdom.  Again  the  physical  method  of 
procedure  used  to  separate  heterogeneous  mixtures  by  means  of  heavy 
solutions  has  been  brought  to  yet  greater  perfection  since  its  applica- 
tion to  petrographic problema.  The  investigationswhichare endeavor- 
ing to  apply  the  laws  of  mechanics  in  the  study  of  rock-masses  sub- 
ject to  dcfurniatioo,  torsion,  or  fracture  are  partly  petrograpluc,  but 
chiefly  geologic  iu  character. 

We  have  long  had  lump  chemical  analyses  of  rocks,  as  well  as  partial 
analyses  deaUng  with  those  rock-conslitucnis  diaaolved  or  decomposed 
by  acids,  and  those  not  attacked;  and  also  analyses  of  the  individual, 
isolated,  rock-forming  minerals.  To  be  sure,  all  such  analyses  were  at 
Srst  considered  as  ornamental  trimmings  to  the  rock  dt>scription,  and 
they  were  frequently  executed  by  rather  inexpejieneed  novices.  For 
a  while,  also,  the  chemical  analysis  of  rocks  waw  ncglectifd,  because 
the  rapidly  increasing  study  of  Ihc  carbon  comp^jutids  secmect  to  be 
a  more  attractive  and  even  lucrative  held.  At  present  the  apphcatioQ 
of  the  methods  of  chemical  analyses  to  the  study  of  petrographic 
material  is  more  general  than  ever  before,  and  the  undeniable  Rignifi- 
cance  of  the  results  cannot  he  loo  strongly  pointed  out.  Very  properly 
the  niassivc  eruptive  rncks  and  the  crystalline  schists  continue  to  ex- 
cite the  most  interest.  Indeed,  in  recent  years  too  much  weight  seems 
to  be  given  to  speciid  chemical  peculiarities  if  one  ia  thereby  induced 
to  establish  new  and  burdensome  namcB  for  these  rock-mnsseg  which 
are  certainly  non-sloichiometric  in  composition,  merely  on  the  basis 
of  slight  variations  in  the  amounts  of  either  the  monovalent  or  the 
bivalent  metals,  or  of  both. 

In  recent  years  the  United  States  Geological  Survey  also  has  made 
many  very  valuable  individual  contributions  to  the  science.  Among 
these  arc  many  hundreds  of  analyses  executed  with  ever-increasing 
completeness  and  accuracy,  which  have  shown  that  such  supposedly 
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ran  subetAncce  as  vanndium,  baiium,  and  strontium  arc  prceeot  in 
iwarly  nil  the  erupltvo  rocks,  and  tluit  oven  molybdenum  occ^ts  with 
surpming  frequency,  although  in  \ery  smoJl  quantities.  In  this  con- 
nection W.  F.  Uillebrand  is  especially  deserving  of  menUon,  his  prac- 
tical Oui/k  to  the  Analysis  of  the  Silicate  Rocks  being  a  perfect 
treaeu re- house  of  experience  and  practical  hinte.  He  very  propcrfy 
insists  on  the  desirability  of  coopeTation  bettvcen  the  chcnucal  and  tbe 
inieroHCopical  study  of  rocks,  now  so  commonly  kept  separate,  and 
points  out  (bat  if  the  examination  of  the  Ihiri  section  always  preceded 
llie  chemical  analysis  the  latter  could  be  carried  out  with  greater  ease 
and  exactness. 

Tlie  literature  of  chemical  petrography  has  recently  been  enriched 
by  a  truly  monunicntal  work,  also  executed  with  wonderful  iadustif 
on  this  mde  the  ocean.  Heniy  Washington,  following  in  the  fuotstcps 
of  Justus  Roth,  but  with  a  more  m(«lem  point  of  view,  has  succeeded 
In  assembling  and  critically  reviewing  all  thf^analyiiesof  eruptive  rocks 
and  tufas  wtilcb  have  been  published  during  the  sixteen  years  fron 
1884  to  1900.  liesidethcintttxluctory  remarks  dealing  with  theaelev- 
tion  of  material,  the  amount  of  material,  the  measure  of  the  degree  of 
accuracy  and  completeness  of  the  analyses,  the  aoureea  of  error,** 
cetera,  the  work  is  of  primary  imporiance  as  being  the  6rst  attempt 
to  appraise  justly  and  impartially  the  relative  vaJm^s  of  the  aaalysR. 
Adopting  a  method  similar  to  that  used  in  estimating  the  credit  of  ■ 
commcrrial  businosa,  he  undertakes  to  arrange  these  analyses,  acconl- 
ing  to  their  degree  of  accuracy  and  completeness,  in  five  groups,  de- 
signated in  descending  order  sa  "excellent,"  "good,"  "fair,"  "poor," 
"bad."  He  has  made  a  beginning  most  deserving  of  acknowledg- 
ment, and  it  is  to  be  hoped  that  it  will  serve  as  a  warning  cry  to  ana- 
lytical chemists. 

In  order  to  determine  the  composition  of  a  nwk-spccies  the  satb- 
factory  chcmico-petrographic  analvKis  must  show  both  the  perceat- 
oges  of  the  various  component  materials  as  well  as  afford  an  insight 
into  the  position  the  roek  occupies  in  eertflin  chemical  series.  While 
a  normal  series  is  characterised  by  a  stendy  increase  and  decrease  in 
the  materials,  the  peculiar  ultra-members  are  especially  iioteworthy 
in  this  respect.  Thus  we  have  the  great  independent  group  of  the 
Eniptivea,  which  in  spite  of  great  basicity  ia  almost  wholly  lacking 
in  alumina  and  alkalies,  although  enormously  rich  in  magDOtts- 
Perhaps  an  even  more  striking  case  is  that  of  a  rock  contaloing 
scarcely  twenty  per  cent  SiOj,  with  almost  all  the  remainder  of  ita 
composition  consisting  of  Al,0,.  and  yet  the  rock  is  a  true  Intrusive. 

In  recent  years  there  have  been  many  attempts  to  exprr«  the 
relationships  of  rocks  by  using  simple  formulated  expressions  for  the 
chemical  rock-composition.  There  have  been  also  endeavors  lo  show 
the  relative  position  of  an  analysia  by  graphic  methods  which  bring 


RELATIOXS  TO  OTHER  SCIENCES  BdS 

out  the  Klative  proportiuns  of  the  individual  componeats  as  shovrn 
by  their  perwntages  of  the  total  woighls  calculated  according  to  the 
individual  molecular  weight.  Loewinson-Lesiung,  PirKson,  Michel- 
Levy,  Hu^Lge,  Urogger,  Htrckc,  Iddings,  Osann,  have  made  special 
Biiggestions  id  this  hroad  licld  of  chemico-clasailicator}'  formulte, 
graphic«,  and  topics. 

The  second  great  aim  of  the  chemical  analysis  of  rocks  is  to  prove 
the  existence  of  changes  in  the  mibstance  of  certain  rock-matorial 
by  comparing  it  with  other  material  which  has  not  undergone  sueh 
alteration.  Thus  the  methods  of  analytic  chemiatry  have  accumu- 
lated a  great  mass  of  knowledge  concBming  the  regular  course  of 
simple  weathering  and  of  the  complicated  alterations  caused  by 
the  universally  active  agencies  of  weathering  aided  by  the  carbonated 
and  silica-bearing  solutions  whi«h  are  the  first  products  of  that 
pnioess.  Our  great  master,  Gustav  Biechof ,  has  rendered  the  immortal 
service  of  introducing  order  into  our  comprehension  of  this  silent 
play  of  chemical  relationship  and  of  the  mutual  exchange  of  material 
within  the  rocks  and  strata  of  the  earth. 

But  the  science  of  chemistry  must  also  come  to  our  aid  in  explain- 
ing  other  more  local  tratisfonnations  which  take  place  in  the  min- 
erals of  the  earth's  crust.  And  first  of  all,  rL>ganli)ig  the  changes  in 
tho.<te  regions  where  aa  the  result  of  the  iutruaiou  of  eruptive  massea 
the  bordering  rock-strata  have  often  been  altered  over  broad  areas 
into  that  changed  condition  known  as  contact  metamorphiftm.  As 
far  aa  the  effect  of  the  active  eruptive  rock  upon  the  passive  country 
rock  can  be  rccognixed  in  these  aureole-like  areas  of  metamorphism, 
—  from  the  actual  line  of  contact  where  the  metamorphic  energy  is 
most  intense,  even  to  the  extreme  circuraference  where  the  last 
traces  die  out  in  the  imaltered  host,  —  the  affected  rock-mass  a 
found  chanKed  aecordirtg  as  it  ia  more  or  lesa  st^naitive  to  such  changes; 
but  >'ct  hundreds  of  localities  widely  scattered  over  the  earth's  sur- 
face show  that  the  change  in  mineral  content  and  even  in  rock-texture 
has  always  taken  place  along  the  same  general  lines.  It  is  now  a 
problem  for  the  chemist  to  decide  whether  such  a  change  represents 
simply  the  molecular  rearrniigemnnt  of  materials  already  present  in 
the  host,  or  whether  the  latter  ha»  undergone  an  cBsential  change 
in  its  chemical  composition,  having  taken  up  naateriala  which  separ- 
ated out  fr<>m  the  intruding  rock  as  it  solidified.  Long  serica  of 
comparative  analyses  seemed  to  support  the  former  explanation,  at 
least  for  the  ease  of  the  plutonic  rocks.  These  analyses  indicate 
that  as  a  rule  the  phenomena  of  contact  metamorphi.'^ni  take  place 
without  either  addition  or  loes  of  material,  that  the  active  eruptive 
rock  produces  the  phenomena  of  metamorphism  simply  through  the 
agency  of  changes  in  pressure  and  temperature  accompanying  the 
intnision  quite  independently  of  its  owq  peculiar  composition.    It 
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is  true  French  inve«tigator«  hold  the  contrary  view,  believing  that 
even  in  the  transformntions  in  the  usual  contact  metamorpliiam.  — 
c.  j;.,  of  clay  elate  into  hornfelt,  (Fruchlschiejcr ,  Oarbenachieler), — 
new  materials  contributed  to  the  sub-strata  play  a  part.    Chemical 
analyses  early  provM  this  to  be  true  for  contacts  of  intrusive  dia- 
bases.   There  cau  be  no  doubt,  eitlier.  that  when  the  host  of  certain 
gi-anJtic  intrusiv'es  shows,  beside  the  usual  alterations,  repeatedly 
recurring  mi nerali nations  with  newly  formed  tourmaline,  topaz,  ca»> 
siterite.  axinite,  and  fluorine  mica,  that  the  formation  of  these  min- 
erals, 9o  often  connected  with  fissures,  must  point  to  a  fumarDle-lil[e 
exhalation  of  fiuorine  and  boron  vapors  accompanying  the  eruption  of 
the  granite.    In  other  words,  they  must  prove  that  there  took  place 
an  actual  infusion  of  foreign  chemical  materials  into  the  surrnundiDg 
rocks. 

There  is  another  kind  of  rock  metamorphiam.    The   mountain- 
building  forces  have  compreased,  folded,  and  crushed  the  rocks  over 
brood  rcffions.  Thus  they  have  acquired  a  different  and  uatuiily  more 
schistose  structure,  while  at  the  game  time  they  havcdevclopodanew 
mineral  eompnfiitinn.  There  now  arises  the  important  question  what 
are  the  chemical  characteristics  of  these  products  of  preasure  meta- 
morphiitm.     IlasrtI  on  insuflicient  niateriul  and  limited  to  specially 
favora]>le  hypothetical  conditions,  the  law  has  been  pronounced  that 
even  in  raecs  of  the  most  thorouKi)  transformations  nf  structure  and 
mineral  composition  there  can  have  been  no  noteworthy  chemical 
change.  By  means  of  a  comprehenfflve  series  of  analyses,  Reinisch  has  , 
shown  this  to  be  an  erroneous  gcnernlization.    He  has  shown  iha 
the  granite  orthoclase  rocks  and  diabases,  when  subjected  to  preesur^^^ 
metamorphism,  undergo  a  regular  and  very  considerable  ehemi 
alteration.  There  may  be  so  great  a  difference  between  the  eompoaw- 
tion  of  the  normal  rock  and  the  composition  of  the  same  rock  afte^r 
undergoing  dynamic  metamorphism  that  it  is  no  longer  possible  ti-« 
speak  of  the  rock  as  being  cheraiealiy  unimpaired.    This  is  not  ur»- 
naturaJ.  since  a  greatly  crushed  rock  offers  a  great  number  of  a&w 
points  to  the  attack  of  the  subterranean  water.    It  is  thus  no  longer 
justifiable  to  attempt  to  determine,  as  waa  formerly  done,  the  origins/ 
rook  by  means  of  the  chemical  analysis  of  its  representative  amoos 
the  products  of  dynamic  metamorphism,  for  oil  resemblance  to  tk 
original  has  been  obliterated. 

These  examples  show  how  indispensable  in  petrographie  problemi 
is  the  aid  offered  by  chemical  analysis.  The  obligation  does  not  lie 
all  upon  the  one  side,  however.  Cases  could  be  cited  where  rheenlstTT 
has  reason  to  make  acknowledgments  to  petrography  for  having 
demanded  increased  refinement  or  broadening  of  existing  methnde. 
Charged  with  the  problem  of  determining  the  presence  of  even  tho« 
elements  which  occur  in  scarcely  traceable  quantities  in  the  term- 
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trial  rocks,  the  chemist  was  called  upon  to  dincover  those  particular 
reactions  best  suited  to  show  the  prcficnco  of  ihostr  eltmcnts,  moBt 
sharply  to  separate  tbcm  from  one  another,  and  to  determine  them 
quantitatively  with  the  greatest  accuracy.  Such  investigations 
undertaken,  as,  for  example,  were  those  by  Ilillelirand,  at  the  com- 
mand of  petrography  for  her  own  profit,  have  thus  proved  a  benefit 
to  the  whole  science  of  analytic  chemistry.  While  aer^nng  prtro- 
graphy  Gooch  discovered  the  new  methods  for  the  separation  of 
titajiium,  liihiura,  and  boron;  and  the  chemist  owes  to  his  inventive 
ingenuity  the  perforated  platinum  filt«r-cone  and  tubulated  crucible 
used  in  making  water  determinationB.  The  mineral  richee  of  the 
Btassfiirt  rock-salt  deposits  inspired  vau't  Koff  to  undertake  long* 
continued  and  important  researches  into  the  conditions  of  equilib- 
rium, the  solubility  curves,  and  conditions  of  formation  of  the 
hydrates,  the  double  salts,  and  the  products  of  double  reactions. 

In  recent  years  the  science  of  raicro-ciiemistry  has  grown  up  and 
developed  alongside  the  ordinary  maero-chemiBtry.  In  this  new 
science  the  eye,  amtcd  with  the  microscope,  attempts  to  recogniite 
both  the  changes  produced  in  the  subject  under  examination,  and 
also  the  newly  formed  product  of  the  chemical  reaction.  After  apply- 
ing the  reagent^  to  a  very  minute  particle  of  the  mineral,  or  drop  of 
a  Bolution,  it  as  endeavored  to  swure  by  evaporation  a  product  of 
the  reaction  which,  though  microscopic,  shall  lie  so  characteristio 
optically  and  crystallographicalty,  that  it  may  servo  to  identify 
beyond  doubt  the  presence  of  its  particular  elements  in  the  original 
specimen.  These  special  micro-chemical  methods,  which  have  proved 
most  satisfactory  for  numerous  elements,  and  are  frequently  em- 
ployed, are  now  in  the  ser\'ice  of  ordinary  qualitative  analyfris.  An 
historical  review  must,  however,  emph-asize  the  fact  that  they  were 
first  introduced  solely  for  the  uses  of  petrography.  It  was  BoHcky 
who,  iu  187".  in  the  course  of  his  studies  in  litholog,v,  hit  upon  the 
idea  of  treating  mineral  particles  with  hydrofluudlicic  acid  in  order 
to  obtain  fluor-silicatcs  of  the  alkalies,  alkaline  earths,  etc.,  which 
betray  the  presence  of  suspected  elements  by  distinct  and  character- 
istic crystal  forms. 

There  is  a  constantly  growing  conviction  that  a  large  number  of 
petrographic  problems  will  find  their  explanation  anidng  the  future 
rcflults  of  the  acicncii  called  physical  chemistry,  a  science  which  hae 
won  by  its  recent  successes  the  right  of  actual  independence,  although 
its  name  .luggrst.'*  that  it  occupies  an  intermediate  position.  The 
following  broad  outline  shows  that  its  principles,  laws,  and  methods 
may  be  most  profitable  to,  and  have  already  been  in  part  applied  in, 
pctrographic  fields. 

It  is  peculiarly  interesting  that  the  concept  of  "solid  solutions," 
which  excited  great  interest  in  chemistry  upon  being  put  forward 
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&3  something  novel,  had  already  Inng  been  accepted  by  petrograpben 
as  a  matter  of  counie.  We  have  long  known  that  while  the  lava 
naagma  is  a  molten  solution  of  varj'iug  c<}n] position,  and  thai  Uw 
chemically  identical,  hoinog(!iieoiis,  firm,  amorpfaoua  product  of  ita 
solidiBcaLion,  whitrh  fomis  ua  soon  aa  the  molecular  mobility  of  tbe 
mAgma  ts  lost,  aud  U-furc  co'BtalUzaLiou  atia  in,  i.  e.,  the  natunU  glui 
corrcspotidiog  to  the  magma, — cannot  be  other  then  an  under-cooled 
solidified  iwlulion. 

We  no  longer  assume  the  natural  silicate  fxisioos  (SUicatadim^ 
flUtse)  to  consist  of  substanct^a  dissolved  in  a  solvent  of  definite 
stoirhiomctrici  composition,  but  rcganl  ibem  as  being,  probably, 
mutually  dissociated  solutions.  Bpcculationa  upon  the  nature  of 
solvents,  wliich  have  always  been  of  most  problematical  origin,  are 
thus  rendered  futile. 

Burtsen  already  emphasized  the  f&ct  that  the  same  laws  control 
crystallization  fmm  molten  solutions  as  control  ciystallization  from 
aqueous  solutions.  Thern  can  be  no  doubt  that  (libb's  Phase  Rule  for 
aqueous  salt  solutions  also  controls  solidification  from  molten  solu- 
tions, However,  the  presence  of  many  compounds  dissolved  in  the 
magma  introduces  complicatJonf  which  will  make  it  difBcult  to  apply 
the  rule  to  the  order  of  erystallizatioD. 

The  order  in  wliich  the  individual  constitucnta  of  a  uniformly 
granular  eruptive  have  solidified,  or,  to  speak  more  accurately,  ihe 
order  in  which  they  have  begun  to  crystallize,  is  an  old  pctrographje 
problem  of  the  first  rank.  To-day  no  one  may  deny  that  this  fuc- 
cesaion  is  normally  controlled,  as  Lagorio  has  shown,  by  the  character 
of  the  bases,  and  is  not,  as  Roscnbusch  believed,  according  to  inem*> 
ing  acidity.  The  least  soluble  substances  separate  out  lirst  aDd^|^| 
most  lioluble  separate  last-  H  has  been  shon-n  experimentally  ^^VV 
the  descending  order  of  fiolubility  io  molten  silicate  aolutions  ifl  u 
follows:  Iron  oxide,  magnesia,  lime,  soda,  potash,  and  alumina,  tbc 
last  entering  relatively  late  into  the  molecule  of  the  various  constJlu- 
ents,  and  finally  silica  itself.  Yet  there  are  hundreds  of  well-verified 
instances  where  the  corresponding  mineral  series  —  iron  ores,  olivine, 
and  rhombic  pyroxene,  monoclinic  pyroxene,  amphibole  and  biotitCi 
anorthite,  hme-soda  feldspars,  nepheline,  albite,  and  fcgirine,  ortho- 
clase,  quartz  —  has  not  been  adhered  to,  either  through  an  inverdon 
of  order  or  by  the  contemporaneous  cr^'Stallizatiou  of  minerals  which 
should  have  separatwl  successively. 

Two  facts  alone  seem  to  be  well  established.    Pirst,  in  those 
rich  rocks  wbicb  contain  quarts,  the  latter  mineral  as  a  rule  is  ui 
the  last  to  solidify.    Second,  the  minerals  —  apatite,  zircon,  rutile, 
titanite,  ilmcnite.  and  pcrofskite  —  containing  those  compounds, 
such  aa  phnsphoric,  zirconic,  and  titanic  acids,  fnesent  in  the  magmi 
in  the  smallest  and  even  scarce  traceable  quantities,  axe  the  very 
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first  nunerals  to  crystallize  out,  even  though,  ia  oommoa  with  the 
ores,  they  sometimes  i>how  a  not  inconsiderable  period  of  sf^parauon. 
ItiatobedoubUid  if  the  eurly  aolidiBcation  of  thusc  accessories  is  really 
due  to  th^r  small  proportionate  amount,  ait  ii;  often  believed,  for  since 
the  solution  soems  to  be  diluted  with  reference  to  them,  they  should 
not  crystallize  out  until  quite  late.  Since  it  is,  aiao,  not  pcrmjasible 
to  adopt  the  rather  drastic  view  that  the  iDAgma  strives  first  to  rid 
itself  of  these  foreign  bodies,  it  is  therefore  preferable  to  assume 
that  these  minerals  are  especially  difficult  of  solution  in  the  silicate 
BolutioD  at  tbe  lower  temperatures. 

The  causes  of  the  variable  behavior  of  the  characterietic  constitu- 
ents as  regards  order  of  cr>'Stallizatioii  are  still  in  large  part  unknown. 
The  treatment  of  the  problem  is,  however,  made  especially  difficult, 
since  boih  experimental  and  theoretical  considerations  have  l)een 
accustomed  to  assume  oiJy  two  substances  in  solution,  whereas  a 
silicate-rock  magma  usually  contains  more  than  four  substances  in 
solution  contemporaneouttly. 

Attention  is  drawn  to  tbe  fact  that  in  certain  solutions  the  range  of 
temperature  appropriate  for  the  separation  of  one  compound,  «.  g., 
leucite,  may  be  very  limited,  while,  under  otherwise  the  gamo  condi- 
tions, the  range  appropriate  to  the  separaticn  of  another  compound, 
e.  g.,  au^te,  may  be  much  greater.  Thus,  according  to  the  tempera- 
turc  conditionn,  one  and  the  same  magma  may  yield  up  its  au^te 
now  before,  now  after,  its  leucite.  Furthermore,  Meycrhoffer  has 
shown  that,  according  to  the  labile  cquihbrium,  now  a  and  now> 
may  first  cr^'stnllizc  out  of  the  same  stag. 

The  order  of  separation  may  be  affected  by  yet  another  factor,  viz., 
pressure.  Since,  according  to  the  usual  view,  the  rock-fondng  min- 
erals contract  as  they  crj'stallize  out  of  their  magma,  then,  as  Sorby 
and  IJunsen  have  shown ,  incifaecd  premure  must  aid  this  contraction, 
t.  «.,  must  accelerate  crystallization.  The  concomitant  shifting  of  the 
t«mperature  of  solidifi^ration  (froezing-point)  takes  plaee  unequally 
for  different  sukatances.  Thus  two  substances  which  under  ordinary 
atmospheric  pressure  have  different  freezing-points,  may  under  some- 
what greater  pressure,  and  consequently  more  nearly  eqvial  melting- 
points,  freeze  at  the  same  temperature,  while  under  the  influence  of 
yet  higher  pressure  the  normally  quicker-freezing  substance  may  be- 
come the  slower-freezing  one.  On  the  ground  of  such  changes,  then, 
the  order  of  separation  may  be  altered ,  as  shown  for  example  by  the 
varying  relations  between  the  more  easily  fusible  aiigite  and  the 
more  difficultly  fiiaible  orthoflase. 

According  to  Doflter,  t!ie  rate  of  crystallization  may  also  be  of  im- 
portance, in  so  far  as  tbe  advantage  (start)  in  separation  given  to  the 
substance  a  by  its  lower  solubility  may  be  equaled  or  overbalanced 
by  the  tendency  to  more  rapid  crystallization  possessed  by  the  more 
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readily  soluble  substance  b.  Wlien  such  an  overtaUng  docs  not  take 
place,  and  this  is  said  to  be  true  somelinies,  the  cxptanatjon  wAy 
be  found  in  llic  varying  degree  of  viscosity  of  tbc  magmas  and  Uk 
eorreepondiiig  changes  io  rote  of  crystallisation.  If  increaaing  vi»- 
eoaity,  i.  e.,  incrcflsing  intcmftl  friction,  opposrd  the  crystallisation 
of  o  and  b  in  equal  de^^rees,  the  inittoJ  advantage  of  the  former  could 
not  be  so  easily  overcome  by  the  latter,  if  at  all. 

Other  phyBtco-chemicid  qiHwtions  in  this  province  are  as  follows:  Is 
the  order  of  erystallitation  influenced  by  the  rrJalivc  umounta  of  cod- 
etitucnts,  and  to  what  extent?  What  is  the  rOlc  of  the  as  yet  but 
little  studied  Impfbrystalle  t  Arc  certain  uniformly  finc-fntiincd  nj;- 
gregBtcs,  consisting  of  two  minerals  mixed  in  definite  proportions,  the 
pixiduct  of  what  Guthrie  has  tenncd  "eutcctie  mixture,"  analogous  to 
the  cryohydrate-9  ?  During  the  solidification  of  n  magma,  what  rAlc 
is  played  by  the  mineraliiers.  let  agenlt  minimUtatairs.  those  sub- 
stances, in  part  of  a  gaseous  nature,  which  seem,  by  tbelr  presence 
in  the  magma,  to  exert  a  purely  catalytic  influence  upon  the  crystol- 
lizntion,  1.  e.,  they  seem  to  aid  the  latter  process  without  either  suf- 
fering change  themselves  or  entering  into  the  composition  of  tbe 
substances  which  are  formed  in  their  presence?  Thanks  to  Idding*. 
we  are  somewhat  better  informed  ss  to  the  causes  of  the  frequently 
observed  magmatic  corrosion  and  resorption  of  already  crystallised 
constituents  by  the  remaining  magma.  .Apparently  we  here  have  to  do 
with  a  shifting  of  the  condition  of  stability  between  the  solid  and  fluid 
phases  of  tbe  magma. 

Physical  chemiHtT^-  will  also  reiidi-r  nmch-needed  help  in  reaching 
tbe  explanation  uf  the  differentiation  of  magmas.  Tliis  widespread 
phenomenon,  characteristic  both  of  extensive  eruptive  masses  and  of 
broad  dykes,  consists  in  a  splitting-up  of  tbe  original  ma^ma  isto 
two  submagmos,  one  of  which  is  acid,  predominatingly  alkalioe  and 
rich  in  alumina,  the  other  basic,  rich  in  iron  and  magnesia  olJcateE, 
but  poor  in  alumina  and  alkalies.  The  former  Kubmagma  almost 
always  has  a  central  position,  the  latter  submagma  appearing  as  a 
basic  marginal  farica  at.  the  periphery.  Thcw  submagroas  must  hare 
originated  by  difTusions  acting  in  two  opposite  directions  during  the 
fluid  condition  of  the  original  magnm,  and  thus  there  ariec  two  quN- 
tions:  Firet,  What  forces  can  have  produced  such  a  separation  into 
two  Bubmagmas  so  diametrieaHy  opposite  in  ehoraeter.  collecting  the 
bivalent  metals  with  a  small  amount  of  silicon  into  one  group,  and 
assembling  the  monovalent  metals  with  somewhat  more  silicon  into  tJr 
other  group?  Second,  Why  did  the  acid  submagma  assume  a  central 
and  tbe  basic  submagma  a  peripheral  position?  There  are  several  ob- 
jeetions  to  thedireet  application  of  the  law  proposed  by  Sorct  ftod  am- 
plified by  van't  Hoff,  which  states  thot  those  constiluentawith  which 
a  solution  is  almost  saturated  tend  to  collect  about  the  colder  point£- 


RELATIONS  TO  OTHER  SCIENCES 


801 


One  objection  is  that  this  law  li&s  been  verified  only  for  the  cnsr- 
where  there  is  but  one  substance  dissolved  in  the  solvent.  Guy  and 
ChajK^roii's  law,  tliat  gravity  cooperates  to  destroy  the  homogeneity 
of  a  solution,  can  have  no  application  here,  for  in  that  case  the  heavier 
bftgic  submagtim  should  appear  at  the  lower  levels,  and  the  ligti  ter  acid 
Bubmagina  in  ovt-rlyiiig  higlier  levels,  an  arrangement  which  would 
not  ejcplain  the  contrast  between  eentre  and  periphery.  The  explana- 
tion of  the  peripheral  baaicity  iw  iht-  result  of  the  ineltii^g  of  the  boi-der- 
ing  country  rock  is  not  only  dilficult  to  undcrstantl,  but  contradicts 
umumerable  facia,  and  furtliermoa-  duciics  that  any  roa^matic  differ* 
entiation  takes  place. 

BrOgger  hafi  contributed  a  distinct  advance  to  our  understanding 
of  tliis  pmblem  by  showing  that,  in  special  oaw's,  .it  was  definite 
stoichiometric  combinations  and  not  the  isolated  materials  which 
moved  in  theac  opp^aing  directions,  thesilica-poor,  iroQ-magneBia-limc 
silicati^  having  muvcd  In  tin-  one  dinxtiun  and  the  aitico-rich,  alkali- 
alumina  silicates  in  the  other.  Furthermore,  be  found  that  these 
stoichiometric  combinations  correspond  to  the  minerals  of  the 
eruptive  rocks  where,  as  is  well  known,  it  is  the  rule  to  find  the 
alkalies,  aluminum,  and  calcium  associated  on  the  one  hand,  while 
on  the  other  magnesium,  iron,  and  calcium  usually  go  tngethiT. 
Thus  it  cornea  about  that  the  least  soluble  combinations  are  those 
which  gravitate  toward  the  cooling  surface,  and  to  this  extent  dif- 
crentiation  obeys  the  law*s  controlling  the  tendency  to  crystalline, 
Harker  eeems  to  hold  wmilar  views.  Wo  have  here,  certainly,  an  im- 
portant exposition,  but  it  merely  recognizes  a  fact  and  offers  nn 
actual  explanation  of  the  same.  There  yet  remains  the  unans^vered 
question.  What  is  the  nature  of  that  motive  force,  on  account  of 
which  precisely  the  mclanocratic  pole  has  a  peripheral  positiou 
while  the  leucocratic  pole  has  a  central  one?  We  know  nothing  about 
the  difference  in  the  diffuaon  coustanls  of  the  respective  [stoichio- 
metric] combinations. 

Contrasts  similar  to  that  between  the  centre  and  periphery  of  the 
same  maaaif  are  found  in  a  region  where  many  so-called  comple- 
mentary dykes  occur,  acid  and  basic  rocks  being  in  close  proximity. 
This  association  ia  explained  as  Bimply  (he  result  of  fissure-filling  by 
a  differentiated  plutonie  inagma  precisely  similar  in  origin  to  the  one 
above  referred  to. 

The  question  is  an  important  one  whether  the  ftmd  molt«n  magma 
suffers  decrease  or  increase  in  volume  with  its  transition  to  the  solid, 
eiystalline  condition.  Gustav  Bictchof,  Mallet,  and  David  Forbes,  as 
the  result  of  experimental  investigations,  have  expressed  the  opinion 
that  the  mass  suffers  a  contraction  of  about  one  tenth,  and  the  devel- 
opment of  rontractinn  tis.suref<  (cooling  cracks)  in  the  solid  lava  agrees 
with  this.  In  the  oft-cited  experiments  by  Barus  the  frozen  lava  was 
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remelted.  and  thereupon  showed,  in  accordance  with  the  above,  an 
increase  of  volume. 

The  queelion  baa  again  attracted  great  attention  becauae  tt  playa 
such  ao  important  part  in  ttie  theory  of  vulcaniam  newly  propoaed  by 
Stiibel.  StUbel  denies  that  the  pressure  of  the  contracting  earth-crust 
upon  the  actually  glowtug  interior  produced  the  volcanic  phenomeoa. 
He  holds  that  the  slowly  freezing  ao-called  "crust"  retains  impris- 
oned within  it  relatively  suisll.  ncst-lilce  reservoirs  of  glowing  motteo 
iriugma.  The  molten  nmgma  in  these  reservoirs  escapes  to  the  surface 
by  eruptive  vctits  {Auabruehakanal),  being  forced  out  by  the  increase 
in  volume  which  the  magma  undergoes  in  the  course  of  its  ©ooKng.  In 
view  of  previous  rrsults,  he  admits  that  the  tinat  result  must  be  a  con- 
traction, but  beheves  be  may  assume  it  to  be  most  probable  that  in 
the  course  of  the  cooling  the  molten  muta  passeii  through  a  transitory 
phase  of  expanirion  or  increase  in  volume.  We  have,  however, 
lutcly  no  experimental  knowledgf;  of  such  a  phaac. 

A  further  principle  of  physical-chemistry,  which  explaina  pctifr" 
graphic  processes  within  the  sedimentary  rocks,  is  the  tendency  to 
reduce  to  &  minimum  the  existent  expowd  surface  (Oberfblche)  of  s 
number  of  contiguous  idpntical  individuals.  It  appears  that  equilib- 
rium between  a  saturated  solution  and  the  bounding  surface  of  a 
crystal  in  that  solution  is  not  c^atablished  until  the  bounding  surface 
is  reduced  to  its  minimum.  If  one  moistens  the  powder  of  a  soil 
saltand  then  allows  it  to  stand  for  some  time,  it  is  found  that  the  i 
assumes  a  distinctive  crystalline  structure,  composed  of  large  individ- 
uals, showing  that  a  certain  portion  of  the  grains  of  the  powder  have 
increased  ibeir  own  dimensions  at  the  expense  of  the  remaining  por- 
tion which  may  be  said  to  have  been  consumed.  In  a  correaponding 
way,  and  obedient  to  the  same  laws,  it  seems  that  recrystalUaatioo 
has  produced  similar  effects  in  the  structural  character  of  those  coarsf- 
grained  marbles  which  represent  former  very  dense  Umeetones.  la 
this  case  it  would  seem  that  the  fcmall  limestone  grains,  iu  the  pre- 
sence of  carbonated  water,  possess  the  tendency  to  develop  into  larger 
individuals  by  mutual  assimilation  and  a  rearrangement  of  thnr 
molecules  into  parallel  orientation.  Moreover,  we  may  Ibua  come  to 
understand  why  the  older  saline  deposits  are  sometimcfl  so  coarse- 
grained, while  deposits  from  salt  lakes  in  recent  tJmes  come  down 
almost  crj'pto-cryatalline  (dxckl)  in  character;  and  in  like  manner 
the  growth  of  the  crystals  of  glacier  ice,  from  the  fira  to  the  end  of 
tlie  glacier,  may  be  explaiiied. 

Siucf  petrography  forms  a  part  of  geuloqy,  there  is,  of  course,  so 
iDtimatc  connection  between  the  two  acicnccs,  they  being  mutually 
complementary.  There  can  be  no  science  of  geologj'  without  petro- 
graphy, nor  can  the  sciencn  of  jwtrography  disregard  discoveries  made 
in  other  branches  of  geolog}*,  but  it  is  not  necessary  to  discuss  in  Hxa 
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place  the  relationship  between  these  two  branches  in  much  detail, 
just  as  it  would  be  Bcarcely  requisite  to  set  forth  the  relationship 
between  paleontology  and  geology. 

Thus  modem  petrography  stands  to-day  in  the  midst  of  a  circle  of 
bordering  sciences,  and  there  is  a  mutual  interchange  of  inspiration, 
acknowledgment  of  indebtedness,  and  instruction.  If  our  science 
may  not  send  to  its  neighbors  the  proud  challenge  Do  ut  dea  {I 
give  in  order  that  thou  mayest  give),  yet  she  does  not  promise  too 
much  nor  ask  in  vain  when  she  makes  the  more  modest  request,  Da 
ut  dan  (Give  thou  to  me  and  I  also  will  then  give  something). 


SHORT  PAPER 

PRorxfisoB  WiLLiAu  tl.  ItoBBB,  oE  Ibe  Univernty  of  Wisoonsm.  tead  a  paper  on 
"SuggMtioos  iwgnnling  a  PHrvgraphic  NomcAclAturo,  ImmkI  on  tbc  Quuititativ* 
daseEfic&tlon,"  in  trliicli  lie  uid ; 

"  The  jrpaJ  in03  was  a  rrtnarkabli'  onv  in  the  history  of  petrography.  Th* 
chsotio  conditiuu  in  nlucb  petrOxropLitira  have  found  llie  System  of  cUahficMtion 
and  of  nomenclature  waa  nowhric  better  illustrKted  then  in  1897,  at  the  Interna- 
tional Coni;T«a  of  Geolo^Bts,  in  St.  Frtunbut^g.  Thn  latgoat  and  moat  rcproMBt* 
ative  body  of  pctrographcra  ever  aeeomblnj  waa  tticT«  unable  to  fix  upon  any 
principltw  which  ci^uld  lie  utiliH^l  Uy  iiiiprovA  ihr  situation. 

"With  the  cloe^of  th^  yoat  1^3,  th?  situation  humatoriallyehangcd.and  tlM 
crtxtit  for  tliia  is  ntmont  cntirrly  dur  to  the  »-ork  of  five  men.  Without  tbe  vrork 
ot  the  pioneer  member  of  the  company, Mr.  W.  F.  HUIebnuul.  of  thie  U.S.  Geolog- 
ical Survey,  the  results  could  notli.ivr  l>c<-n  sccun>d, owing  toa  lack  of  ftdequa(« 
datn  upon  which  U>  conalruct  a  sysb-m.  The  htrtn  ac.ritw  of  arcunto  analjaM 
which  went  lirought  togrthpr  and  published  in  19O0,  as  Bulletin  168  of  the  U.  S. 
Geological  Survey,  constitute  the  finrt  adequate  ocrim  of  accurate  onalysM  of 
igneous  rocks.  In  1903  appeared,  after  yeare  of  preparation,  the  three  worita  irliich 
have  to  profoundly  niodifiMi  the  aituation.  TIteao  are:  TJu  Qnai»Hiatir«  Cioati- 
;lcat>on  of  Igw^un  liocki,  by  Meaera.  Cro».  Iddlnga,  Pireson,  ant]  WaahingtOD; 
Thf  Chfmicat  Comjiantiim  of  f^iustniM  Rock*,  txpretnrd  hji  mrann  of  iioyramt. 
by  Mr,  Idilings;  and  TAc  Chemieai  Aw^dyttg  of  Igneous  HocA-*,  published  frooi 
ISM  to  I9IX),  by  Mr,  Wiishineton.  There  have  since  bem  published  The  5u- 
jierior  Analyaes  of  Ignetms  Rock»,  from  Roth'i  Tahtllen.  pulJiahcd  from  1868 
to  18&4,  by  Mr.  Wasliiugtun;  lutd  u  tuatA,  not^iwuithy  addition  to  the  list  of 
soaljws  earned  out  by  the  Geological  Survey." 

After  bripfly  indicating  the  work  of  the  syndicate,  the  speaker  criticised  It  to 
•omi!  oxt4tnt  aa  (ailing  to  miH't  tlic  demntidH  of  acionco,  and  Ktnted  that  Ihia  paper 
was  intended  more  to  caL  forth  further  discussion  than  to  inaki:  a  contribution 
to  it. 


SECTION  E  — PHYSIOGRAPHY 


SECTION  E— PHYSIOGRAPHY 


{Hall  12,  SepUnher  21, 10  a.  m,) 
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THE    RELATIONS  OF  PHYSIOGIIAI'UY  TO  THE   OTHER 

SCIENCES 

BT   ALBHBCHT   PBKCK 

(TranataUd  from  the  German  by  CleveJand  Albe.  Jr..  Wathingtan,  D.  C.) 

[Albfecbt  PcDCk.  Pnifttssor  d  GwograpLj? ,  Imperial  and  Unyal  University  of 
Viennii,  «iiicf>  Ifv'tS.'  b.  Iti-mliiit».  Tjpipsir,  Rt'iiLrinliPT  2f>.  IRfift.  Pli.D.  Leinsic, 
1878;  Vk.  Hofmt.  »inw  lfl03;  GeoJogist.,  GcolrMnciU  Survey  of  Saxonv.  1877- 
79;  ibid.  Geological  fjurvcy  of  U&raria,  1881-82;  IVivat-docenl  of  Qco- 
paptiy.  Uuiventitv  of  Muuicli,  1883-S5,  MtmUrr  of  Imp^-riul  AccKlcmy  of 
Scimcp,  Vii-ntitt;  LnopolJ  Carl.  Aeadtmy  of  Naturalists;  Royil  Academy  of 
Padiia;  Hnnorftr^'mrmbfrcfNatiiniJ  HinUiry  Society  of  STvitxi-rland;  AcAdemy 
of  Science,  New'Vork;  nod  ciumeroiis  srieiitific  and  learned  sorieties.  Author 
of  Di*  Vergletarherunti  der  deuttehen  Alpen;  Drr  devlaehe  R«ith:  Du  Donau; 
Morfhohgu  der  Enfitbrrflcu^lui ;  Prudrich  Simimy ;  (witU  E.  nr^lcllIl^r:  Die 
Afemdnt  EunitaiUr;')  and  numerous  worltB  and  artid««  on  scientific  iubjecta.] 

Thb  geograpliical  sciences  have  not  developed  according  to  any 
definite,  preconceived  plan,  They  have  developed  and  branuhed  off 
(roni  one  another  according  as  the  division  of  labor  aud  progress  in 
research  awoke  demands  for  them.  It  is  therefore  vain  to  attempt  to 
discriminate  sharply  between  them  from  a  philosophical  standpoint. 
Such  attempts  would  frequently  reault  only  in  constraining  them 
into  programmes  which  did  not  at  aJl  correspond  to  their  develop- 
ment. In  order  to  understand  the  mutual  relations  of  these  aniences 
one  must  always  adopt  the  standpoint  of  the  historian.  One  must 
acquaint  himself  with  their  development,  and  study  how,  through 
the  eelettion  of  certain  problems  or  by  the  employment  of  certain 
methods  of  investigation,  the  work  oame  to  be  divided  up  and  fiuaily 
resulted  in  the  establishment  of  independent  branches  of  knowledge. 
Only  thus  can  one  come  to  understand  the  ever-changing  scope  of  the 
geographical  sciences  in  the  past,  or  discover  the  probable  directions 
of  their  future  development.  In  arranging  a  programme  one  could 
*  Piofoagor  of  Genffraphy  in  tho  Unix>«raity  of  Berlin  nince  1006. 
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not  do  belter  than  endeavor  to  gix'e  expressioa  to  this  coun«  of 
development. 

If  now  we  seek  the  controlling  points  of  view  of  the  American  and 
British  invcstigatore,  as  revealed  by  their  studies,  we  are  soon  oon- 
%'inced  that  their  concoptiona  of  physiography  arc  widely  divergent. 
The  British  regard  phj*siography  as  the  science  of  natural  proceasoo, 
while  the  Americans  consider  it,  essentially,  aa  that  part  of  what  io 
Europe  is  colled  physical  geography,  which  deals  with  the  visible 
features  of  the  continents.  It  is  evidently  from  the  latter  standpoint 
that  physiography  stands  by  the  side  of  cosmical  physics,  geo- 
phyaica,  and  oceanography,  as  one  of  the  eight  e^rth-sciencee  on  the 
programme  of  the  International  Congress  of  Arts  and  Science;  and 
we  sliall  here  conBider  it  from  this  point  of  view. 

Pliysiograpby  appeurs  to  me  as  a  part  0}  geography,  that  great 
mother-science  from  which  so  many  niemltem  have  branched  off, 
at  first  at!  individual  branches  only,  but  soon  developing  into  indo- 
pendent  eciencc£.  Fhyaiograpliy  belongs  to  these  latter.  Its  close 
relation  to  the  mother-science  is  still  ahown  by  the  European  name, 
i.  «.,  physical  geography,  while  the  American  name  indicates  that 
it  is  already  becoming  an  independent  branch  by  reason  of  itfi  great 
literature. 

In  order  to  understand  the  exact  position  which  physiography 
occupies  it  is  neccssai^'  first  to  gain  some  appreciation  of  the  aim 
and  problems  of  geography.  Scarcely  any  other  science  ia  the  object 
of  views  80  contradictory.  To  one  geography  is  an  agglomeration  of 
sciances  which  arc  distinguiahed  from  one  another  by  their  methods, 
to  another  it  is  only  a  method  applicable  to  the  most  widely  differing 
Boiences. 

This  difference  of  conception  is  due  to  the  groat  age  of  the  science. 
Geography  was  recognised  as  a  science  long  before  modern  spccializa- 
tioD  brought  forth  the  present  geographical  Bcieaces,  and  at  first  it 
treated  of  problems  that  since  have  become  the  special  fields  of  the 
one  or  the  other  of  these.  Increasing  systematization  has  led  to  a 
sharp  sepnration  of  mosit  allied  sciences  from  their  mother-scieneaif 
but  in  the  case  of  geography  new  problems  are  constantly  arising 
which  serve  to  obliterate  such  separation.  Very  consderable  portions 
of  the  earth's  surfaces  arc  still  unknown,  extensive  regions  are  >-et 
to  be  Opened  up,  and  there  the  geographical  investigator  meets 
problems  which  belong  to  the  provinces  of  the  auxiliary'  geographical 
sciences  when  Ihcy  are  encountered  in  the  botter-known  regions  of 
the  globe.  In  the  one  case  geographical  investigations  must  be  prose- 
cuted in  a  different  manner  from  those  in  the  other  case.  Under  the 
first  circumstances  the  investigator  must  himself  use  the  instruments 
of  the  auxiliary  science,  while  under  the  other  be  may  concentrate 
his  attention  upon  &  more  limited  field. 
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Bon'ever  various  may  be  the  demands  which  exploration  may 
make  upon  the  geogniplier,  yet  everywhere  one  problem  is  promi- 
nent whirh  concerns  him  alone,  and  th&t  is  the  earth's  8urfa(;e.  The 
greatest  of  living  GermiLn  geographers  has  correctly  defined  geo- 
graphy as  the  science  of  the  earth's  aurface.'  Yet  it  is  not  always  the 
earth's  surfoc'C  alone  which  occupies  the  most  prominent  place  in 
geographica]  investigation.  In  civilized  countries,  where  the  divisioQ 
of  labor  is  far  advanced,  that  problcin  belongs  (o  the  domain  of  the 
auxiliarj-  Rcieiicea  of  topograpliy  and  L-artograpliy,  while  the  true 
geographical  problem  i«  the  study  of  the  coinbinatious  of  phe- 
nomena happening  on  the  earth's  surface. 

The  consideration  of  the  various  phenomena  In  their  lU'eat  rela- 
tions is  the  characteristic  feature  of  ail  geographical  investigation. 
Yet  it  is  a  great  mistake  to  think  that,  for  this  reason,  geography 
is  only  a  method  of  ioveatigalion  wluch  may  be  applied  to  the  most 
widely  different  sciences,  for  it  does  not  treat  of  Uie  areal  rela- 
tionships of  any  class  of  phenomena.     Two  groups  of  phenomena 
are  especially  prominent  in  its  province.    Trom  tiic  curliest  times 
geography  ha?  dealt  with  the  reEations  of  the  earth's  surface  to  th« 
distribution  of  man,  thereby  coming  into  touch  with  the  science  of 
man,  and  especially  that  brunch  called  history.    Thus  we  have  come 
to  call  this  side  historical  geography,  a  somewhat  unfortunate  des- 
ignation, since  its  problems  have  u  broader  scojh;  than  that  usually 
allotted  to  history.    Us  problems  constitute  an  anthropogeography 
JQ  a  much  broader  Mnsc  of  that  word  than  the  one  ascribed  to  it  by 
ite  inventor,  I'ricdrich  Itatzcl.    Furthermore,  geography  early  began 
to   study  the  relations  between  the  earth's  surface  and  mundane 
phenomena,  considering  both  the  organif  and  the  inorganic  phe- 
Xiomcna  which  take  place  there,  The  researches  of  the  biologists  have 
made  the  largest  contributions  to  our  knowledge  of  the  relations 
between  the  terrestrial  surface  and  the  organic  phenomena  from  the 
standpoint  of  the  [atter,  but  the  strictly  geographical  side  of  these 
problems  has  yet  to  bo  developed.  In  a  slnular  way,  the  relation  of  the 
earth's  surface  to  the  natural  forces  at  work  upon  it  has  grown  clearer 
and  clearer  as  the  science  of  physics  lias  advanced.  Indeed,  in  recent 
yeurs  this  relationship  has  acquired  unusual  complexity,  chiefly  as 
the  result  of  l^nglisb  and  American  studies  into  the  intimate  reaction 
between  the  forms  of  the  earth's  surface  and  the  forces  acting  upon 
them. 

rhysicol  geography,  the  study  of  the  relation  of  the  earth's  surface 
to  the  earth-forces  and  to  the  earth  as  a  whole,  is  thus  seen  to  occupy 
a  position  between  the  geography  of  organisms  in  general,  —  bio- 
geography  in  the  widest  sense  of  the  term,  or  "ontography,"  as 

'  Ferdinnnd  Fiviherr  von  Richthof^n.  Avjgaben  und  Metkaden  der  keutiftn 
CctvroM".  Lb'P^'K.  I**3,  p.  3. 
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Davis  happily  terras  it  —  and  of  man  in  partinilar  on  the  one  side, 
and  the  sciences  which  treat  of  the  eartli-whoie  ia  genera]  on  the 
other.  Its  problem  reve-ale  its  scope.  To  the  extent  that  the  inter- 
action cif  the  earth  R  surface  and  the  fnr?e<(  at  wnrlc  upon  it  growe 
clearer,  so  the  old  study  of  the  forms  of  the  earth's  surface,  which 
waa  long  scarcely  more  than  descriptive  in  character,  rises  into  that 
important  branch  of  physical  geography  called  pcomorphologT,-.  Topo- 
graphy and  cartography  form  nOces«arj'  mCmberB  of  this  branch,  for 
it  ie  impossible  to  separate  the  descriptive  treatment  of  a  portion 
of  the  obsPrvational  material  from  the  science.  Phygicnl  grogmphy 
is  the  descriptive,  genetic,  and  dynamic  study  of  the  earth's  surface, 
and  is  mn^t  intimately  related  both  to  geodesy  and  geophymcs,  which 
treat  of  the  whole  earth,  as  well  as  to  the  sciencea  of  geology,  ocean- 
ography, and  meteorologj',  which  treat  rCBpectively  of  those  portions 
of  the  earth  called  the  iithosphero,  hydrosphere,  and  atmosphere. 
The  character  of  this  relationship  becomes  clearer  if  we  consider  the 
special  problems  of  this  science. 

HowBi-er  manifold  in  form  the  physical  surface  of  the  earth  may 
appear  to  the  eye  of  the  observer,  yet  geometrically  it  Is  rather  simply 
modeled,  Aside  from  unimportant  and  verj'  rare  exceptions,  this 
Biirfaco  conmsts  of  combinations  of  slopes  haviuL:  various  angles,  but 
yet  all  dipping  towards  one  and  the  same  basal  surface.  This  surface 
is  that  eetiaibly  level  one  prcsciited  by  the  surface  of  the  ocean,  which 
geodesy  connders  the  surface  of  the  earth.  The  close  touch  between 
geodesy  and  physical  gpography  is  due  to  the  fact  that  they  both 
start  from  the  same  8urfa<?e  of  n-ference,  although  tfrcking  different 
ends.  The  gcodcsist  endeavors  to  determine  the  form  of  the  gcoid 
of  sea-Ievcl  under  the  continents,  while  the  geof:rapher  concerns 
himself  with  the  variations  from  that  surface  which  the  firm  crust 
of  the  earth  presents.  Both  workers  employ  the  same  aet  of  coor- 
dinates in  their  studies.  Of  these  coordinates,  those  of  latitude  and 
longitude  have  long  been  considered  as  geographical,  while  the  co- 
ordinate of  elevation  above  scu-Ievel,  which  is  indiapf-nsahle  to  the 
physiographer,  has  but  rather  recently  been  added  to  the  othcra. 
Geography  first  assumed  its  present  character  only  after  the  intro- 
duction uf  this  third  coordinate  as  a  geographical  measure.  But 
while  it  auffices  for  the  geodesist  to  determine  with  very  great  accu- 
racy the  geographical  coordinates  of  relatively  few  fixed  points,  the 
geographer  needs  to  know  the  poxitiona  of  alt  the  pninta  of  the  earth's 
surface.  This  would  be  impossible  wore  it  not  for  the  aid  of  the  fjre- 
graphical  map,  by  means  of  which  the  geographer  can  graphically 
represent  the  surface  of  the  earth  and  show,  eiaetly,  the  relative 
positions  of  places  (or  points)  according  to  their  differenecs  in  longi- 
tude, latitude,  and  elevation.  The  preparation  of  the  geographic 
map  is  the  purpose  of  geographic  siu-veys,  while  the  purpose  oi  geo- 
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detic  surveys  is  the  determination  nf  the  surface:  of  the  gcoid.  The 
former,  however,  mtixt  l>c  precrHed  by  the  latter;  the  gcudesiat  sup- 
plies tbc  frame,  the  lopogr&phcr  tills  in  the  picture. 

For  these  reasons  geodesy  ia  usually  ranked  nbov-e  cartography,  but 
the  topographer  Iht-ii  uflen  fails  to  win  the  desirable  sympathy  with 
thai  science  in  whose  service  he  really  stands.  This  lack  of  sympathy 
18  not  rarely  to  be  seen  in  Europe,  where  the  geographic  nuipping  of 
moat  of  the  countries  lies  in  the  hauda  of  the  army.  Scholnra  ctmnot 
be  too  thankful  for  this  peaceful  service  rt^mlcred  by  the  array,  but 
Uie  fact  cannot  be  concealed  that  the  erophofdzing  of  those  features 
which  are  of  niilitarj'  importanct  has  not  always  advanced  our 
knowledge  of  iliat  which  is  geograpliically  true.  The  employment  of 
eon  tour-lines,  which  are  so  indispensable  for  the  physiographer,  was 
long  neglected  in  Europe  because  of  the  exclusive  importance  there 
ascribed  to  the  surveying  of  the  militarily  aiguiiicant  inclinations  of 
the  slopes.  Even  to-day  the  map-maker  runs  the  danger  of  using 
stereotyped,  stencil-ljke  methods,  because  he  so  often  pecords  forms 
whose  nature  ami  iiigntticance  are  unknown  to  htui.  And  though  it  is 
often  claimed  that  the  topographer  merely  draws  that  wliich  he 
sees,  yet  one  forgets  thereby  tliat  u  specially  trained  observer  sees 
much  more  than  one  not  so  trained.  I'fac  mere  mapping  of  tlte  forms 
of  the  earth's  mirface  doca  nob  lead  to  a  deeper  undenttandlng  of 
them.  It  is  true  that  topographic  surveying  long  since  observed 
and  made  use  of  the  fact  that  the  surface  of  the  earth  la  not  only 
a  surface  whose  every  point  may  be  represented  in  &  projection  by 
an  indindual  point,  but  is  a  constantly  downward-sloping  surface 
throughout  the  greater  portion  of  its  extent.  Thi.s  recognition 
brought  them  the  knowledge  that  the  modeling  of  the  earth's  sur- 
face must  have  been  chiefly  accompliflhed  by  cxogcnc  forces,  but  it 
was  attempted  to  refer  the  work  to  very  great,  and  in  part  to  cata- 
strophic forces,  rather  than  to  slowly  working  causes.  It  is  but  a 
few  years  since  tlmt  great  floods  and  cataclysms  played  the  same 
rdles  in  those  theories  of  the  earth's  surface  which  were  taught  in 
many  militan,-  courses  as  they  did  in  the  scientific  literature  of  the 
eighteenth  century. 

Although  it  is  very  necessary,  in  the  interests  of  exactness  of  survey 
of  the  surface  forma,  I  hat  the  topographic  work  be  under  the  control 
of  the  geodetic  Bide,  yet  thiti  subordination  has  not  essentially 
increased  our  understanding  <>f  llie  fonns-  The  greatest  advances 
in  method  of  cartographic  representation  of  these  forms  have  been 
made  in  those  countries  whose  maps  have  been  executed  by  tech- 
nically well-educated  engineers.  The  teaditig  part  played  by  S^vitzei^ 
land  in  the  cartographic  circles  of  Europe  is  due  to  this  fact. 

A  true  comprehension  of  the  forms  of  the  earth's  surface  must 
rest  upon  a  genetic  basis.    It  is  only  since  we  have  accustomed  our- 
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•elvCH  to  considering  nurface  forms  not  merely  as  sometliinK  existent. 
but  OS  something  thiit  h&s  df^vdnped,  that  wc  may  Sftcak  of  a  geo- 
morpboloicy  which  forms  a  scientific  brajich  of  study  under  physical 
gcoiETuphy.  Tbore  are  two  ways  of  conudcnDjE;  the  genetic  character 
of  surface  formfl:  (1)  One  may  consider  the  eepSLrate  forces  at  work 
on  the  earth's  Biu-f&cc  and  trace  out  the  forms  resulting  from  (be 
actiWtiefl  of  each;  or  (2)  we  may  attempt  to  analyze  the  rich  collec- 
tion of  forms  already  preaent.  Both  mcthodB  of  consideration  bring 
us  into  intimate  relations  with  geoJogj'.  for  in  either  case  the  forms 
which  are  tnvcetigated  touch  upon  changes  which  the  earth's  eruRi 
has  sufferod  or  i6  KufToriiig.  In  the  latter  case,  however,  one  enters 
the  proper  field  of  geologj-. 

Geology  eariy  began  to  investigate  more  carefidly  the  forces  at 
work  upon  the  earth's  surface.  Lyell  was  very  instrumental  io 
establishing  t.he  princij^le  that  the  deposits  resulting  from  the  activi- 
ties of  thcee  forces  give  the  best  key  to  an  underfitanding  of  tbc  roeki 
which  make  up  the  earth's  cru»t,  and  in  this  way  those  deposits 
have  been  in voHt  [gated.  II  would  nut  have  been  possible  to  investi- 
gate theite  depiiKit«,  if  their  mode  of  origin  bad  not  been  taken 
account  of.  The  wide  distribution  of  (he  phenomena  of  erosion  wafi 
recogiiixcd,  and  noticrc  even  was  taken  of  ccrtuin  t>pic«l  forms,  bitl 
the  process  which  resulted  in  those  forms  did  not  obljun  further 
recognition.  It  remained  for  the  newer  Bcience  of  geomorphology  to 
do  this.  This  science,  in  studying  the  development  of  streams,  dis- 
covered the  aeqiifwe  of  formt  which  accompanies  that  development. 
A  stream  running  down  an  existing  slope  cuts  a  furrow  which  we 
designate  as  n  cofigf^uml  form,  because  it  follows  the  slope  already 
preeent.  Scarcely  is  this  furrow  cut  than  ita  steep  walls  begin  to 
assume  more  gradual  slopes,  and  the  surface  waters  develop  ne« 
furrows  down  these  new  slopes.  Theeo  new  furrows,  coming  after 
the  original  furrow,  we  call  gtibw^utnl  Jorms.  Their  development 
follows  other  rules  than  those  controlling  the  consequent  forms.  The 
latter  develop  upon  existing  or  original  slopes,  the  former  take  tlicir 
ori^  on  slopes  of  later  development,  whose  courses  are  essentially 
dependent  ujion  rock-character.  Professor  W.  M.  Davis  has  specially 
studied  these  developments,  and  has  shottTi  how  the  subsequent 
form?  adjust  themselves  to  the  character  of  the  earth's  crust,  and 
more  e.special!y  to  its  structure.  He  has  shown  how  a  gradual  adjust- 
ment is  brought  about  between  the  watercourses  originally  con- 
sequent upon  the  existent  slopes,  and  the  internal  mountain  stnic- 
ture.  The  first  position  of  the  original  surf  ace,  forming  the  surface  el 
departure  (ousgangsflocfif)  for  later  development,  was  the  result 
of  unequal  elevations  of  the  earth's  crust.  The  modeling  processes 
of  erosion  transform  this  surface  into  a  sw/oee  of  adjuttmtni .  which 
offers  to  further  denudation  greater  and  greater  resistance,  until  it 


RELATIONS  TO  OTHEU  SCIENCES 


613 


finally  bocomes  a  ntrjaee  of  maximum  retitianee.  Plains  of  donuda- 
tioD  (peneplains)  seem  to  be  such  surfaces.  The  trauBformation  of 
the  original  surrace  into  the  surface  of  adjtiatnient  goes  on  much 
more  rapiilly  than  does  the  reduction  of  the  latter  into  surfaces  of 
denudation  (peneplains)  of  niaxiniuni  reaistance.  Tlie  original  form 
approaches  the  last  form  aflcordinR  to  the  law  of  asj-mptotes.  For 
this  reaRon  we  do  not  find  any  plains  of  denudation  actually  ap- 
pearing &8  perfect  planes;  they  are  only  almost-plane,  and  appear  as 
peneplains. 

However  rich  in  results  for  genetic  morphology-  may  have  been  the 
observations  of  the  forces  at  work  on  the  earth's  Kurfarc,  this  has 
not  sulliccd  to  clear  up  oiir  understanding  of  all  thcsC  forma,  for  all 
the  forces  at  work  arc  not.  visible  at  the  earth's  surface.  Some  act 
too  slowly,  others,  as  glaciers,  hide  their  processes  from  our  observa- 
tion. The  analytical  method  of  »jtudy  of  forms  thus  remains  the  only 
available  one.  This  method  yields  excellent  results  as  soon  as  we 
compare  the  forms  with  their  contents,  as  soon  as  we  bring  them 
into  relation  with  the  cruet  of  the  earth,  and  learn  to  compare  the 
surface  features  with  tlie  internal  structure,  or  tectonic  cooditions. 
In  this  case  geomorphologj'  is  working  upon  a  geological  founda- 
tion just  as  the  lopogrBj>her  works  from  a  geudotio  foundation, 
and  where  this  necessar>-  foundation  is  lacking,  physiography  must 
supply  it.  just  ai  in  an  unknonoi  country  it  must,  also  oupply 
geodetic  work.  Topography  is  often  subordinated  lo  geodesy  in 
civilised  countries,  and  similarly  there  are  cases  where  geoinorpho- 
logy  is  to  be  considered  solely  as  a  branch  of  geologj-.  It  ia  easy 
to  understand  how  those  excellent  investigators  to  whom  we  are 
indebted  for  the  first  idea  of  the  geological  structure  of  the  earth's 
crust  readily  came  to  explain  the  earth's  surface  forms  by  the  aid  of 
the  knowledge  they  had  already  gained  of  its  structure.  As  they 
found  evidences  in  the  structure  of  the  earth's  crust  of  great  dis- 
locations apparently  the  result  of  violent  fortes,  thej'  thought  that 
the  surface  features  of  the  land  should  also  be  explained  by  violent 
crustal  movements.  It  was  long  before  students  became  emanci- 
pated from  this  conception  of  violent  cata-strophes.  It  was  long 
before  the  idea  became  thoroughly  incorporated  that  the  forms  of 
the  earth's  surface  are  the  results  of  the  gradual  and  mutual  reaction 
of  endogene  and  exogetie  pniccs.ses.  Even  to-day  wide  differencee 
of  opinion  prevail  as  to  the  relative  importance  of  each  of  these 
classes  of  processes.  The  student  of  tectonic  phenomena,  who  recog- 
nizes in  the  Btratigraphic  structure  of  the  earth's  crust  most  magni- 
ficent disturbances,  finds  so  many  eases  where  the  external  form  has 
been  irifiuenced  by  the  internal  structure,  that  he  is  inclined  to 
explain  the  physiognomy  of  the  earth's  surface  as  primarily  the 
result  of  the  structure.     The  topographer,  on  the  other  hand,  is 
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iDclined  to  explain  the  surface  features  as  the  result  of  exogme 
proeeBsee  because  he  is  solely  concerned  with  the  survey  of  the 
surface. 

The  divergence  of  these  tn-o  views  is  due  to  the  fact  that  the  rela* 
tion  between  intern&l  structure  and  superficial  form  is  most  complt- 
catcd.  There  are  not  a  few  localities  where  the  latter  ia  moet  ckwelr 
dependent  upon  the  former;  but  there  are  also  very  many  places 
where  such  a  relation  is  unfortunately  absent.  The  highest  mountain 
range  of  the  earth,  the  Hinmlaya,  consists  of  strata  which  have  been 
most  tremenduuiily  compressed,  yet  in  Bel^um  we  find  regions  of 
scarcely  less  conijilicated  structure  which  present  an  almost  plane 
surface.  In  the  Alps  may  be  found  regions  of  the  most  complicated 
structure  lying  close  beside  others  of  the. very  airapleat,  yet  the  latter 
do  not  appear  to  be  on  that  account  less  roountfunous  in  character. 
In  ilhiHtration  one  needs  only  to  recall  the  south  Tyrolean  Dolomites 
and  compare  them  with  the  Glamer  Alps.  The  picture  of  the  face 
of  the  earth  drau-n  by  Kdwunl  Sucfw  is  widely  at  variance  with 
that  prc!)cnt4:d  by  a  geographical  map.  The  morphologic  point  «/ 
view  of  the  physiographer  data  not  coiiicide  wiih  the  ttctonic  on€  of  Itu 
geologist.  It  would  be  a  nibtake  to  attempt  to  subordinate  the  one 
to  the  other.  One  must  accustom  himself  to  recognise  the  fact  that 
he  is  here  dealing  with  different  conceptions  of  equal  rank,  and  that 
one  shouJd  not  and  cannot  supplant  the  other,  but  rather  roust  be 
mutually  enriching.  The  way  in  which  this  mutual  enrichment  is  to 
come  about  has  been  especially  developed  in  the  United  Statoa.  Here 
topography  and  geology  are  not  eo  hostile  to  one  another  as  in  most 
European  countries.  They  are  not  in  the  hands  of  different  Goi-em- 
ment  Bureaus,  but  are  both  fostered  in  one  and  the  same  institutioa, 
the  Geological  Survey.  And  if  the  activity  of  the  topographer  is 
separated  from  that  of  the  geologist,  yet  a  lively  intercourse  exists 
between  both  as  result  of  the  aasoclatiOD  in  work.  In  the  arid  regioM 
of  the  far  West,  where  llie  mountain  structure  is  not  hidden  by  den« 
vegetation,  the  map-maker  may  easily  recognize  the  relation  of  the 
topogrnphie  surface  to  the  gtratigraphic  structure,  and  the  geohigisl 
sharpens  his  p'Prception  of  the  forms  of  the  earth's  surface,  aooe  be 
must  often  do  some  toimgraphic  mapping.  Geomorphology  owes  its 
more  recent  advances,  in  no  small  degree,  to  the  far  West,  G.  K. 
Gilbert,  as  result  of  his  work  there,  has  established  a  series  of  funda- 
mental principles  upon  which  others,  especially  W.  M.  Da-v-is,  have 
based  further  advances.  The  greatest  sor\'ice  performed  by  I>nvis 
oonBiBta  in  the  ayatematixation  of  the  complicated  relation  between 
the  intenittl  structure  and  the  surface  forms  whose  causes  had  already 
been  explained  in  large  part.  Those  portions  of  the  earth's  mirface 
where  a  direct  dependence  of  the  surface  forma  upon  the  structure  is 
recognizable,  arc  young,  and  those  where  such  a  dependence  i&  entirely 


RELATIONS  TO   OTHER  SCIENCES 


615 


iackinf!  ore  old.  The  sequeace  in  d«velopmeot,  when  elaborated  in 
greater  detail,  m  called  by  Davis  the  geographic  cycle.  It  leads  us 
from  the  stage  of  youth,  where  (he  elevated  siirfiu-o  still  predomin- 
ates, through  the  stage  of  maturity,  with  itit  iiurface  of  adjustment, 
to  the  stage  of  old  age  with  ItN  surface  of  maximum  resistance. 

The  de[K:Rdenco  of  the  variety  of  forms  prcfiunted  by  a  land 
surface  upon  the  histor>'  of  tlutt  surface  was  in  the  early  days  re- 
cognized only  with  great  hesitancy,  but  to-day.  on  the  basis  of 
the  geographical  cycle,  may  be  stated  with  a  certain  amount  of  as- 
surance. In  the  Rhenish  8chiefergeblr]ge,  in  Western  Gerniany, 
we  liave  a  mountain  system  of  Alpine  structure  and  of  plateau-like 
expression.  The  region  has  passed  through  at  least  one  complete 
geographical  cycle;  the  inequalities  produced  by  cnistal  movemoats 
were  almoet  completely  planed  off  belorc  it  waa  again  furrowed 
with  valleys.  The  latter  process  implies  a  reelevation  to  have 
taken  place,  a  change  which  was  not  produced  by  a  folding  of  the 
strata,  but  rather  in  tliis  case  by  a  broad  elevation  of  the  whole 
region.  If  we  imagine  tins  elevation  to  continue,  then  the  valleys 
will  cut  in  deeper,  and  the  interstream  areas  become  more  and 
more  portions  of  the  valley  slopes.  An  instant  in  geographic  time 
will  come  when  the  plateau  surface  will  disappear  entirely  and 
be  replaced  by  mountain  ridges  whose  constancy  of  elevation  over 
long  distances  will  be  the  only  indication  of  the  former  plateau 
condition.  The  constancy  of  elevation  of  mountain  summiLi  is  one 
of  the  most  striking  facts  which  characterize  many  widely  differ- 
ing mountain  ranges  of  the  earth.  If,  on  account  of  its  ambiguity, 
we  do  not  venture  to  connect  this  feature  in  general  with  an  earlier 
complete  denudation  of  the  region,  followed  by  more  recent  rcele- 
ration,  yet  in  certain  cases,  as  has  already  boon  demonstrated  for 
a  number  of  mountain  ranges,  this  interpretation  does  hold  good.' 
The  Alps,  which  have  heretofore  served  as  an  example  of  a  mount- 
ain range  which  has  originated  by  honeontal  comprcfwion,  may  be 
shown  to  have  last  undergone  a  vertical  elevation  in  their  western 
portion. 

In  our  opinion  the  foldings,  which  arc  eo  important  for  the  tectonic 
structure  of  the  crust,  play  a  considerably  smaller  part  in  determining 
the  physiognomy  of  the  earth's  surface  than  do  the  vertical  move- 
ments of  the  crust.  lu  building  the  great  highlands  of  the  earth,  the 
latter  agencies  have  decidedly  the  chief  rOle,  It  is  true  that  this  fact 
has  Ijeen  proven,  eo  far,  only  for  the  highlands  of  North  America. 
In  the  Colorado  Plateau  of  Arizona  great  fault  blocks  of  nearly 
horizontal  strata  predominate.     The  great  elevated  masses  have 


*  DftfHs,  Builev  Willis,  uid  dn  Marlonnc  brought  a  number  of  such  rasea  to 
tbp  fittention  of  tlie  ^tiglith  Intornatinnul  Gvof^phical  Cangreas.  Wnaliin^n 
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nothing  to  do  with  folding,  and  on«  speaks  involuntarily  of  a  broad 
elevation,  since  here  extenave  mosses  have  been  brought  above  sea- 
Icvel.  From  a  pbysiogeographic  standpoint  we  cannot  deteimine 
whether  this  elevation  is  identical  vdih  a  centrifugal  movemetit  of 
the  moss  with  reference  to  the  earth  an  a  whole;  the  answer  to  this 
question  lies  in  the  handit  of  geodesy  and  geophyraes,  which  alone 
may  with  eertainty  determine  the  degree  of  mobility  posaeaaad 
by  the  diffrn^nt  levels  of  the  earth's  crust. 

The  latter  ore  certainly  not  rigid,  but  so  long  as  we  do  not  tuiov 
the  degree  of  contracbion  suffered  by  the  terrestrial  sphere  during 
the  course  of  geologic  time,  wo  never  go  further  in  geomorpho- 
lo^ol  considerations  of  elevations  and  depressions  than  to  refer 
them  to  sea-level,  unce  the  position  of  this  surface  determines  bU 
physiographic  work  upon  the  earth's  surface.  Prom  the  geomor- 
phological  standpoint  one  cannot  say  more  than  that  the  phyncal 
surface  of  the  earth,  however  mobile  it  may  be  with  reference  to 
sea-level,  po&sesses  certain  peculiarities  which  we  cannot  aasume 
it  to  have  acquired  during  present  times  alone.  Among  these 
peculiarities  the  one  of  most  significance  is  its  geometric  chane- 
teristic  as  a  complex  of  Hlopes.  This  has  a  physical  baAi«  in  the 
small  utrength  of  the  rocks  aw  compared  to  the  atlra4!tion  of  gravity. 
Even  where  wc  sec  steep  projections,  these  show  themselves  to  be 
transitory,  they  fall  down  and  form  slopes  entirely  without  the 
cooperation  of  running  water.  Wc  may,  thcR-forc,  considtT  that  il 
ifl  impossible  that  there  over  have  been  such  overhanging  rock- 
masses  Bt  the  eiirth's  siirfaee  as  might  correspond  to  the  recunibeol 
folds  exhibited  tn  mountain- masses.  Such  bold  stratigraphic  folds 
can  only  have  originated  at  considerable  depths.  The  proeesBSB 
of  folding,  whose  products  we  meet  with  in  folded  mountain  ranges, 
appear  to  us  to  be  deep-seated,  a  conclusion  already  reached  twenty 
years  ago  by  G.  K.  Gilbert  also.  No  doubt  these  folds  were  rep^^ 
aented  on  the  surface  by  other  results  which  must  have  been  »upe^ 
ficial  and  could  not  have  extended  down  to  an  unlimited  depth,  for 
a  stratigraphic  folding  of  the  rocks  indicratee  simply  a  decrease  in 
area  which  is  not  connected  with  a  decrease  in  volume,  since  rocks  are 
but  slightly  conipreaaible.  The  rncks  must  spread  tlieniselvee  out 
upward  or  downward  to  correspond  with  the  compreeeion  that  the)- 
suffer  by  folding,  and  since  this  redistribution  of  mass  has  taken 
place  only  in  moderate  amount,  the  processes  of  folding  must  have 
been  limited  to  comparatively  thin  layers. 

A  second  import.ftnt  peculiarity  of  the  land  surface  is  that  its  gmtet 
features  present  a  surface  of  isostalic  equilibrium.  Measurements  of 
the  length  of  a  geographical  degree  and  pendulum  obsen-ation  hvrt 
long  since  shown  that  the  elevated  masses  upon  tlie  earth's  surface  ut 
compensated  by  decrease  of  mass  below  them.  The  whole  surface  <i( 
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the  earth  is  found  to  be  in  ao  equilibrium  similar  to  that  which  vould 
cbAracterize  the  surface  if  it  conusted  of  a  number  of  floating  blocks 
of  different  densities,  the  lesH  dcnso  not  sinking  as  deeply  as  the  raore 
dense.  Dutton  has  characterized  this  condition  by  the  name  ieostoey. 
It  reveals  aa  iutlm&te  relntton  between  the  greater  forms  of  the  earth's 
surface  and  the  density  of  the  subjacent  masses.  Wo  know  nothing  of 
the  more  immediate  cause  of  this  relation,  but  wo  have  no  reason  to 
doubt  that  it  has  always  obtMned.  At  first  glance  the  theory  of  iso- 
alasy  appears  as  a  powerful  support  for  the  frequently  voiced  doc- 
tiine  of  the  permanence  of  the  continents,  for  it  suggests  the  idea  that 
those  masses  which  to-day  are  light  and,  therefore,  stand  high,  have 
always  been  90.  But  it  is  diffieiilt  to  conceive  how  masses  that  once  lay 
deeply  buried,  and  were,  therefore,  heavy,  now  stand  high  and  appear 
light.  The  Colorado  Plateau  of  Arizona  gives  us  an  example  of  this. 
It  once  formed  the  aea-tloor,  and  to-day  is  a  highland  of  horizontal 
Lllinlll  We  can  only  explain  its  elevated  position  by  as.sumJng  that 
'  tlw  masses  lying  under  the  crust  have  there  sufiTercd  a  shifting,  tiiat 
the  foundation  upon  which  the  rock  crust  floats  has  changed.  The 
regular  change  in  the  character  of  the  products  of  successive  volcanic 
eruptions  which  has  been  proved  to  occur  in  many  places  on  the 
earth's  surface  seems  to  argue  In  favor  of  the  existence  of  such  mag* 
inatic  movements. 

Since  shiftinga  of  the  magma  lead  to  changes  in  the  relative  eleva- 
tions of  different  portions  of  the  earth's  surface,  they  may  also  lead 
indirectly  to  independent  movements  of  the  upper  portions  of  the 
earth's  crust.  Such  movements  must  take  place  if  high-lying  crustal 
blocks  (tome  to  rest  alongside  of  low-lying  blocks.  If  one  portion  of 
the  crust  is  hrought  Into  such  a  position  that  it  ntopes  ttteeply  down 
to  a  ncighhoring,  lower-lying  one,  &a  the  rcttult  of  vertical  dulocation, 
then  horizontal  movements  will  be  set  up  in  the  cruab  just  an  they 
are  in  a  mass  of  soil  which  has  been  heaped  up  steeper  than  its  normal 
angle  of  repose.  K,  Iteyer  many  years  ago  compared  the  foldings  of 
the  earth's  strata  with  the  phenomena  which  appear  where  great  slid- 
ings  have  taken  place.  In  fact,  there  is  no  lack  of  eridenee  that 
vertical  movements  have  preceded  the  horiEontal  ones.  Many  folded 
districts  of  the  earth's  cruf^t,  where  the  strata  exhibit  the  multiple 
phenomena  of  compression  rather  than  the  rarer  regular  folding, 
originated  in  districts  of  subsidence  in  which  enormous  masses  of 
sediments  were  deposited  contemporaneously  with  the  shrinking.  In 
such  cases  it  appears  that  the  mountain-making  elevation  did  not 
immediately  succeed  the  eompresBion  of  the  etrata.  The  Appalachians 
were  folded  long  hefore  they  appeared  as  mountains.  In  other  cases, 
also,  as.  for  example,  the  Alps,  the  elevatory  processes  have  followed 
the  compression.  It  is  conceivable  that  a  recent  change  in  the  eub- 
enistol  masses  has  caused  the  formerly  sunken  land  to  rise  again. 
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One  can  also  imagine  that  a  deep-seated,  continuous  folding  may 
express  Itself  at  the  surface  bs  a  low,  dome-like  elevatioD.  In  any 
case  it  is  certain  tbat  we  must  not  interpret  all  crustal  movemenu 
OS  the  direct  results  of  a  single,  univeraat  procees.  One  needs  only 
tecall  the  close  association  of  vertical  crustal  movcmeRts  and  the 
areas  of  ancient  giaciation,  in  order  to  hnvo  an  illustration  of  tbe 
fact  that  phenomena  of  elevattoD  and  subsidence  may  result  from 
physical  changes  in  the  uppemiost  layers  of  the  earth's  crust.  One 
must  choose  from  among  several  explanations,  and  this  can  only 
be  done  with  certainty  when  both  structure  and  diastrophic  condt- 
tions  are  ole&rly  in  mind,  so  that  the  whole  geographic  history  of  the 
mountain  system  may  be  passed  in  review. 

We  shall  ooatent  ourselves  with  the  foregoing  suggestions.  Tbey 
are  meant  to  point  out  direclioDs  in  which  the  genetic  stuiiy  of  tht 
forms  of  tbe  earth's  surface  may  yield  results  of  aignificance  to  geo- 
physics and  to  the  study  of  the  earth's  development,  as  aoon  a*  it  ii 
founded  upon  a  broad  basis  and  brought  into  8>'mpathy  with  all  its 
oeigliboriiig  sciences.  But  without  doubt  the  richest  rCf;ultB  ore  to  be 
looked  for  from  the  recognition  and  appreciation  of  the  forces  at  woik 
upon  the  enrth's  surface,  the  more  detailed  study  of  which  belongs  lo 
the  dynamic  problems  of  phywogeography. 

All  the  movements  which  take  place  upon  the  surface  of  the  earth, 
the  winds,  rivcrfl,  surf,  and  plan icm,  all  fit^nd  in  intimate  relationship 
with  one  another,  all  are  dcjKindcnt  upon  the  forms  of  the  earth's  sur- 
face and  react  upon  them.  This  mutual  reaction  extends  also  to  the 
organic  life  of  the  globe,  and  although  it  is  not  the  task  of  phyeiiv 
geography,  but  of  biogeogrnphy .  to  invi^stigate  the  distribution  of 
organic  formSj  yet  a  physiogeographic  study  canuot  overioolc  the 
influence  which  the  association  of  biologic  processes  exerts  upon 
the  formsof  the  earth's  surface.  Examples  of  this  influence  aro  found 
in  tbe  protection  of  the  earth's  surface  against  erosion  by  the  cover 
of  vegetation,  and  in  the  widespread  cooperation  of  organism*  for  tbe 
formation  of  sediment,  e.  g.,  the  work  of  tlie  reef-building  corals. 
It  iH,h.owever,  precisely  these  biologic  communities  of  geoniorpfaolopc 
ugnifirance,  which  combine  with  the  peculiarities  of  surface  and  soil 
and  the  activities  of  the  water  and  the  utmotfphcrc,  to  determine  tbe 
physical  expression  of  the  lands.  It  is  the  general  investigation  of 
these  communities  which  teaches  most  clearly  which  portions  of  tbe 
neighboring  sciences  belong  also  to  physingpogrnphy.  The  latter 
miiat  take  from  each  enough  to  gain  an  understanding  of  the  pbyatti 
features  as  a  whole  of  the  different  countries  in  order  to  understaiul 
the  local  interlocking  of  the  different  phenomena  in  their  "canaal 
nexus."  Physiography  does  not  attempt  to  found  laws  within  tbe 
domain  of  these  ecionces,  but  takes  already  established  laws  from 
these  sciences  and  applies  them.    The  result  is  the  discovety  of  de- 
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finite  relation  between  these  other  processes  and  the  surface  foims  of 
the  earth;  and  of  certain  rules  according  to  which  the  eurfacc  forme 
perform  definite  functioa&  In  these  facts  originates  that  compiiri- 
soD  of  the  earth's  surface  to  an  organic  being  which  has  so  often  been 
made  HJnce  the  time  of  Karl  Rillci.  Id  order  to  underelamltluB  func- 
tional Higuificatico  of  the  various  portions  of  the  earth's  surface,  we 
may  take  climate  as  an  illustrative  example. 

The  watera  are  collected  in  the  great  hoUowB  of  the  earth's  surface, 
and  their  uninterrupted  surface  preaeiita  strikingly  to  the  eye.  not 
only  the  contrast  between  a  smooth,  level  surface,  and  the  physical 
aurfaee  of  the  earth,  but  also  a  ooDtraet  due  to  two  different  kinds  of 
surfaces  uhich  are  differently  affected  by  the  worming  intluence of  the 
sun.  We  refer  to  contrast  between  continental  climate  and  marine 
climate,  but  the  sea  climate  is  not  chaTactcrititic  of  every  portion  of 
the  ocean  surfucc.  and  the  continental  climate  docs  not  distinguitsh 
all  portionsof  the  land.  The  surfai^c  must  possess  a  certain  amplitude 
in  order  to  exert  a  climatic  influence.  The  small  islands  in  the  ocean 
sod  the  majority  of  the  lakes  on  the  continents  have  the  same  climate 
as  their  greater  surrounding  region.  The  different  thermal  behavior  of 
the  land  areas  and  the  water  areas  disturbs  the  regular  distribution  of 
atmospheric  pressure  which  would  otherwise  characteriae  a  rotating 
q>beroid  with  a  homogeneous  surface  character,  and  calls  into  exist- 
ence, in  addition  to  the  dynamic  wind  ^yt^tem.  a  system  of  terrestrial 
winds  ranging  from  the  small  land  and  aca  breezes  to  the  great  mon- 
soong.  In  this  ease,  the  relative  positiona  of  the  areas,  as  well  as  their 
extent,  exerts  a  dynamic  influence.  The  monsoons  blow  far  out  be- 
yond the  boundaries  of  the  Astatic  continent,  and  reach  even  beyond 
its  great  island  neighbors.  Finally,  thevcrtical  extent  of  the  land-mass 
becomes  a  controlling  element.  In  a&ceiiding  we  notice  a  regular  de- 
crease of  tcmperoture,  which  goes  on  more  rapidly  if  the  elevation  is 
needle-shaped  than  if  it  covers  a  greater  area.  Although  the  wind 
may  blow  for  a  considerable  distance  over  low,  flat  land  without  los- 
ing much  of  its  moisture  content,  yet  it  surrenders  the  latter  quickly 
where  a  mountain  range  compels  it  to  ascend.  How  different  are 
the  climates  of  Europe  and  western  North  Anicrical  yet  that  is  only 
because  the  winds  blow  against  muuutain  ranges  whose  axes  have 
different  directions.  In  the  one  case  the  oceanic  climate,  carried  by 
the  winds,  makes  itself  felt  far  inland ;  in  the  other  case,  the  contin- 
ental climate  reaches  far  westward  under  the  lee  of  the  Uocky  Moun- 
tains. In  meteorological  processes  the  tize  and  relative  jtosUions  of 
the  forms  of  the  earth's  surface  are  not  less  significant  than  their 
geographical  latitude.  Both  cooperate  to  determine  the  climate  of 
the  individual  regions  of  the  earth. 

The  organic  worid  of  ihe  land's  surface  is  moat  intimately  depend- 
ent upon  the  lalter's  climolc.    It  is  true  that  a  definite  flora  and 
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fauna  doea  not  characterize  every  clim&Ui;  but  the  relationship  is 
uuiniBtakable  from  the  quantit-ative  point  of  view.  Almost  erer}-- 
where  on  the  earth's  surface  we  find  a  dense  covering  of  vegetaltoD 
corresponding  to  a  certain  quantity  of  light,  warmth,  and  moist- 
ure, and  this  covering  becomes  thinner,  in  proportion  as  the  warmth 
or  the  moisture  of  the  country  booomes  less.  The  plant  form- 
ations mirror  the  moat  widely  varying  combination  of  climatic  ele- 
mentB,  and  BJiice  the  latter  are  dependent  upon  the  extent  and  siie 
of  tlie  forma  of  the  earth's  surface,  so  these  latter  geographical  facu 
may  be  trailed  in  the  varying  density  of  the  vegetal  covering  of  the 
lands. 

ritially,  we  find  that  there  is  the  very  otoseet  telatioo  betweea  the 
climate  and  the  minuter  modeling  of  the  earth's  surface.  All  the  mod- 
eling forces  which  work  upon  the  Iatl«r  are  under  climnttc  influenpe; 
the  running  water  and  the  powerful  masivs  of  ice  of  the  glaciers  are 
both  productn  of  climate,  and  the  univentally  present  wind  can  work 
most  effectively  where  an  arid  climatv  causca  the  ab»cnce  of  the  pro- 
tective covering  of  plants.  Where  a  single  river,  such  as  the  Colorado, 
ia  eroding,  the  valley  forms  are  different  from  thoec  where  their 
i^Iopes  are  reRuIarly  moistened,  so  that  the  debris  creeps  downward. 
Thus  we  find  that  climate,  the  density  of  the  vegetation,  and  the  finer 
features  of  relief  of  any  country  bear  intimate  mutual  relationship, 
and  are  dependent  upon  the  distribution  and  mass  of  the  greater  land 
forme,  which  cxt-rt  a  far-reaching  influence 

This  close  relation  between  climate,  density  of  vegetatioa  and 
the  finer  land  forms  finds  expression  in  a  definite  phy^ogmphie 
correlation,  more  or  less  completely  corresponding  to  the  poettion 
of  any  district.  Very  simple  consideration  of  the  subject  shows  na 
that  difTcrent  ^ades  of  development  may  exist.  Inia^ne  a  land  area 
etoer^g  from  the  ocean.  As  soon  aa  it  appears  above  the  surface 
<A  the  water,  it  will  acquire  its  appropriate  climate,  but  a  certain 
period  of  lime  must  elapse  before  its  appropriate  covering  of  vegeta- 
tion will  develop,  for  it  is  only  the  density  and  not  the  oxist«ne« 
of  this  cover  that  is  dependent  upon  the  climate.  The  development 
of  such  a  cover  preEmmca  that  germa  and  eceds  shall  rearh  the  new 
land  area.  If  other  land  areas  lie  in  its  neighborhood,  this  transfer 
will  take  pl&«e  quickly,  as,  for  example,  we  Bee  the  island  of  Krakatoa 
already  clothing  itself  again  in  vegetation,  after  the  fearful  exploaioB 
of  tS83.  On  the  other  hand,  if  other  land  areaa  are  nidcly  removed 
from  the  new  one.  a  vcr>'  long  period  of  time  may  elapse  before  it 
receives  the  elements  of  its  appropriate  flora.  Yet.  from  the  geolog- 
ical point  of  view,  this  reclothtng  takes  place  in  a  rather  short  time. 
This  ifl  illtietratcd  by  the  lonely  group  of  the  Kerguelen  Islands,  which 
during  the  glacial  period  was  wholly  covered  with  lee,  and  has  derd- 
oped  since  that  time  a  flora  peculiar  to  itself. 
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Further,  the  new  land,  almost  aa  sood  as  it  boa  appeared  above  the 
waters,  begins  to  be  eculptured  by  the  exogene  processes.  Theeo 
procesaee  may,  in  the  one  case,  be  hindered  by  reason  of  the  rapidly 
extending  cover  of  vegetation;  on  the  other  hand,  they  may  be  able 
to  work  for  a  long  time  undi8turl>ed  by  any  hindraacc.  In  g^eral, 
the  exogeiie  processes  require  a  much  greater  interval  of  time  to 
aubdue  a  land  surface  than  do  the  planta  in  order  to  cover  it  with  a 
dense  cloak  of  vepetfltion.  The  Kerguelen  still  ahow  the  eurfaco 
relief  imposed  upon  thrm  by  their  glaciation,  and  running  water  has 
□ot  yet  been  able  to  remodel  them.  The  Alps,  which  furnish  us  with 
a  splendid  example  of  the  adjustment  of  vegetational  covering  to  the 
zoDee  of  elevation,  still  betray  In  all  their  features  the  glaeialion  to 
which  they  were  subjected  during  the  glacial  period.  Thus  we  find 
that  the  morphologic  adjustment  of  a  country  to  ita  etnicture  and 
its  climate,  which  indicates  that  it  has  reached  the  mature  stage 
of  the  geograpliic  cycle,  succeeds  to  the  physiogeograpliical  stage  of 
maturity  by  a  very  considerable  interval  of  time,  and  iu  order  to 
produce  a  complete  physiographic  correlation  between  the  two,  it 
rcquircK  an  amount  of  time  which  must  be  measured  by  geologio 
unita.  This  correlation,  however,  will  not  be  reached  in  the  same 
way  under  all  conditions.  In  many  cases  aqueous  erosion  works  80 
vtgorou^y  that  it  destroys  an  exiHting  dense  covering  of  plants, 
producing  ravlnest  and  gorges  which  remain  almoet  barren  of  vegeta- 
tion because  of  their  sleep  walls,  and  must  give,  even  to  a  tton- 
geograpliical  oL»<crver,  the  impression  of  a  disturbing  attack  upon 
on  otherwise  harmoniouH  set  of  conditiona. 

Simple  as  pbysiofceograplui;  correlation  is,  in  its  systematic 
relationships,  yet  it  lends  to  an  extraordinarily  largo  number  of 
individual  oases  which  call  for  regional  con^deration.  It  forms 
the  chief  approach  to  the  physical  science  of  the  land,  The  latter, 
for  its  part,  cannot  leave  out  of  consideration  the  human  element, 
since  Man  revolutionizes  the  plant  covering  of  the  land,  controls 
the  rivers,  and  influences  the  relief  of  the  land  by  means  of  his  roads 
and  eettlementa.  Thus  regional  physiogeography  is  closely  related 
to  biogeography. 

The  total  natural  features  of  any  region  we  have  seen  to  depend, 
not  only  upon  ita  own  pcculiaTities  and  absolute  position,  but  also 
to  a  controlling  degree  upon  its  poKition  with  relation  to  other  land 
arCfts.  Fundamental  changes  In  any  land  make  themselves  felt  far 
beyond  its  boundaries.  If  a  lowland  along  the  boundaries  of  a  con- 
tiDont  become  submerged  below  the  sea,  as  may  result  from  a  very 
slight  crust&l  movement,  then  the  influence  of  the  oceanic  elimate 
reaches  much  farther  inland.  This  is  excellently  shown  by  the  cli- 
matic advantages  which  Europe  draws  from  the  presence  of  the 
North  Sea  and  the  Baltic.  Alterations  in  the  lands  disturb  the  physio- 
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geographic  correlation  in  their  vicinity,  and  for  a  long  time  wc  were 
inclined  to  oscribo  all  changes  of  climate  to  telluric  proccsMt.  The 
studies  of  the  glacial  period  no  longer  allow  us  to  retain  these  thcoric*. 
But  there  remains  the  attractive  phynogcographic  problem  to 
determine  the  number  of  possible  changes  of  climate  which  may 
result  fram  geoinorphologic  causes. 

If,  on  the  one  hand,  changes  in  the  distribution  and  mass  of 
the  great  forms  of  the  earth's  surface  produce  far-reaching  results  in 
the  oatural  features  of  the  surrounding  lands,  and  if  the  tiner  mod- 
eling of  broad  areas  of  land  may  be  wholly  changed  because  they 
h&ve  lK>en  transferred  from  a  region  of  df^',  continental  climate 
into  that  of  the  oceanic  climate  without  having  changed  their  posi- 
tion with  reference  to  the  earth  as  a  whole,  on  the  other  hand,  the 
forces  ut  Vi'ork  on  tlii;  carth'ff  Murfacc  olm  exert  an  undeniable  influ- 
ence upon  the  greater  features  in  the  tturiicial  forms  of  our  planvl. 
"Hie  dc«tro>'ing  power  of  flowing  water  works  most  vigorously 
where  the  greatest  inequalities  exist,  not  only  because  the  water  here 
has  the  greatest  distance  to  fall  through,  but  because  the  great  in- 
crease in  precipitation  resulting  from  those  inequalities  produces 
a  greater  moss  of  running  water.  Climatic  controls  result  in  cli- 
matic divisions  or  boundaries.  Bays  become  silted  up  by  the  rivers, 
promontories  are  worn  away  by  the  attack  of  the  ocean;  thtis  the 
horixontal  arrangement  of  the  land  areas  is  disturbed,  vhich  la 
an  extraordinarily  iiiiiiortant  factor  from  the  physiogeographic  stand- 
point. Under  the  influence  of  the  exogene  forces  all  the  abrupt  con- 
trasts of  form  disappear,  and  at  the  same  time  the  causes  for  the 
yet  sharper  rontraats  in  the  organic  phenomena  of  the  landa  are 
removed.  In  this  respect  also  it  wiU  become  possible  to  establish 
a  sequence  in  development  similar  to  the  sequence  in  tnorphologie 
develnpment.  and  to  place  alongside  of  the  geographic  cycle  of  Davis 
a  physiogeographic  cycle.  The  final  stage  of  this  physiogeographic 
cycle  would  present  a  complete  adjustment  between  the  forms  of 
the  earth's  surface  and  all  those  cxogcne  processes  which  ore  active 
upon  it. 

If,  now,  we  review  the  earth's  surface,  whether  from  the  moi- 
phologic  or  from  the  physiographic  standpoint,  it  is  clear  that 
taken  as  a  whole  it  is  very  for  removed  from  the  stage  of  old  age. 
Everywhere  we  notice  traces  of  young  crustal  movements  which 
ore  repeatedly  and  abruptly  disturbing  that  adjustment  which  the 
cxogene  forces  are  constantly  endeavoring  to  establish.  Although 
■we  may  readily  observe  the  theater  of  action  of  the  exogene  forces, 
and  easily  recognize  their  distribution  over  brood  areas,  we  are  still 
in  the  depths  of  darkneae  as  regards  knowlt^dge  of  the  distribution 
of  the  disturbing  endogene  forces.  It  has  been  repeatedly  attempted 
to  find  some  sort  of  relation  between  these  forces  and  the  earth  as 
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•  whole.  The  IVcnch  inveatiRatora  more  especially  hflTO  referred 
jwmetimes  to  a  dodecnhcdron  and  somttimcB  lo  a  tetrahedron 
which  should  express  the  RTound-pIan  of  the  earth's  cni«t.  The 
location  of  mountain  rnnftes  along  both  fi&nks  of  the  continents  of 
North  and  South  America  ha»  given  rise  to  an  attempt  to  estnblish 
a  relation  between  the  distribution  of  mountain  mnges  and  the 
outlines  of  the  continents.  Great  weight  has  also  been  laid  upon  the 
ocourrence  of  volcanoes  along  the  edgee  of  the  continental  blocks. 
Edvard  Sucss,  who  bae  undertaken  the  correlation  of  the  diHcrect 
portions  of  Iho  crust,  has  emphaaiited  the  relations  extflting  between 
folded  mountain  ranges  and  the  ina&Hive  nitrks  whish  Rland  in  front 
of  them.  Although  studies  along  the  latter  line  have  yielded  some 
very  pretty  isolated  results,  yet  it  is  not  safe  to  n«immo  that  these 
various  attempts  have  revealed  to  us  the  Rround-plan  <if  rrustai 
movements  with  respect  to  the  degree  of  elevation  or  dcprc»iion 
and  the  strike  of  the  zone  of  compregeion.  Indeed,  it  seems  as  though 
the  analytic  method  heretofore  pursued  will  not  aeeomplieh  anything 
until  we  are  able  to  deduce  a  mental  picture  of  the  sequence  of  pro- 
cesses in  the  development  of  the  zones  of  compression.  The  contrast 
between  the  structure  of  such  nones  and  the  structure  of  the  border- 
ing regions  invites  the  application  of  such  a  method. 

In  this  respect  we  may  hope  for  conaiderable  enlightenment  as 
the  result  of  further  investigations  in  geophycics.  It  is  easy  to  see 
that  the  modeling  of  the  earth's  surface  influences  the  radiation  of 
heat  by  the  earth  quite  as  strongly  as  it  does  the  warming  of  the 
earth  by  absorption  of  external  heat.  Tliewater  colWtcd  in  tlie  great 
basins  of  the  ocean  reacts  upon  the  warm  earth  body  as  a  cooling 
apparatus  on  a  large  scale,  while  the  elevation  of  the  land  per- 
forms the  functions  of  a  protecting  cover,  now  thicker,  now  thinner, 
which  tondB  to  prevent  the  loss  of  heat.  Systematic  investigations, 
on  islands  as  well  as  mainland,  into  the  geothermal  gradients  would 
give  us  a  basis  for  quantitative  knowledge  regarding  the  inHuence 
of  the  surface  features  upon  the  radiati<in  of  heat  by  the  earth.  Just 
as  the  surface  ist)thcrms,  which  Humboldt  first  drew  for  us,  gave  us 
the  finst  clear  conception  of  the  climate  of  the  earth,  so  must  we  look 
to  geographic  presentation  of  the  isogeothcrme  for  a  reliable  under- 
standing of  the  intracnistai  distribution  of  heat.  These  would  serve 
as  a  basis  for  further  investigations,  provided  geophysical  inves- 
tigations continue  to  clarify  our  understanding  of  the  conditions 
prevailing  in  the  abysmal  masses.  The  problem  of  the  cnislal 
movements  of  the  earth  can  only  be  solved,  if  we  may  obtain  in 
addition  to  its  complicated  composition  the  relation  existing  be- 
tween the  earth's  crust  and  the  overlying  and  underlying  maasM. 
This  can  only  take  place  if  physiogeography,  geolofi>-,  and  geo- 
physics cooperate  as  heartily  in  this  line  of  investigation  as  have 
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astronomy,  meteorology,  and  physiogeograpby  in  tbe  study  of  Ul« 
exogene  proceasus. 

Whatever  the  solution  of  this  problem  may  be,  there  will  }'et 
remain  a  further  question.  When  we  compare  the  total  amount  of 
eroaion  going  on  over  the  land  with  the  total  amount  of  rock  which 
wa»  formed  at  the  expense  of  preexistent  continents,  we  find  that 
the  latter  is  far  greater  than  tbe  former.  According  to  the  present 
intensity  of  erosion  and  denudation,  it  would  require  an  incom- 
prehensibly large  number  of  millions  of  years  io  order  to  produce 
a  volume  of  rock  equal  to  that  now  comprised  in  the  sedimentaiy 
series.  Estimates  of  the  time  elapsed  unce  the  earth,  under  present 
physiogeographic  conditions,  has  been  the  theater  of  the  processes 
tOHJay  active  upon  the  earth's  surface,  lead  ua  by  other  routes  to  the 
same  conduttion.  The  influence«  of  the  sun's  rays  upon  the  exterior 
of  our  planet  have  been  felt  for  an  incomparably  long  time,  and  we 
cannot  assert  that  there  is  any  sensible  decrease  of  their  intensity. 
Yet  the  sun's  energy  cannot  be  incxliauatible.  Here  we  find  a  lack 
of  harmony,  according  to  the  present  si  ate  of  our  knowledge,  between 
cause  and  effect,  which  is  much  in  need  of  exjdanatlon.  Questions 
brought  up  by  the  physiogeographic  method  of  studying  the  earth 
aro  appealing,  not  only  to  astronomy,  but  to  aetrophj'sics. 

Thus  our  point  of  view  passes  from  the  earth's  surface  to  the 
earth  sm  a  whole,  and  from  the  earth  as  a  whole  to  the  sun,  just  ss 
soon  as  we  l>egin  to  compare  the  phentimena  which  are  taking  place 
upon  our  planet  with  the  work  performed  by  him.  The  broader  the 
circle  to  which  wc  turn  with  qnestions,  the  greater  the  number  of 
problems  wliic^h  present  thcmsclvca.  Wo  are  thus  more  and  mOrt 
strongly  compelled  to  acknowledge  that  the  key  to  succeea  lies  in  an 
organized  cooperation  among  the  different  sciences,  and  any  hard- 
and-fast  barring-off  of  the  one  from  the  other,  or  even  the  con- 
temptuous disdain  of  one  by  another,  will  have  evil  results.  It  ii 
true  that  they  have  different  refinements  of  method,  but  all  pro- 
blemsdo  not  permit  of  a  mathematicai  treatment,  and  it  is  bIbo  true 
that  at  times  the  one  may  make  such  a  marked  advance  that  it 
grows  over  the  heads  of  the  others  and  is  able  from  its  more  advanced 
standpoint  to  point  out  the  direction  along  which  the  others  must 
develop.  But  in  the  long  run  they  must  all  advance  c\-enly  together 
as  long  aa  they  stand  on  the  firm  foundation  of  their  individual  6elds 
of  observation.  Physiogengraphy  has  such  a  Geld  of  observation  in 
the  land  siufaee.  since  it  considers  that  as  the  surface  upon  which 
light  and  heat  fall  from  without,  and  through  which  the  warmth 
of  the  earth's  body  must  pa.sa  from  within  outwards. 

The  position  occupied  by  geography  among  the  other  sciences 
has  been  the  subjeirt  of  many  discusi<ions  during  the  past  decade; 
And  there  is,  especially  in  German,  a  rather  large  literature  on  tbe 
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subject.  It  was  not  my  intention,  in  the  above  address,  to  refer  to  all 
the  expressions  of  opinion  on  the  subject,  nor  do  the  works  listed 
below  by  any  means  always  hold  the  same  position  as  the  one  estab- 
lished in  that  address.  They  are  here  brought  together  without  any 
intention  of  being  a  complete  list,  but  merely  with  the  purpose  to 
furnish  the  reader  a  means  of  orienting  himself. 
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dent,  Sc)iA<>l  of  MinM,  Columbia  Col1«^,  1872-74;  AflsisMnt  PhotA(n«pIi«T, 
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In  looking  nhend  and  endeavoring  to  see  in  what  ways  our  know- 
ledge of  the  earth's  surfare  can  be  increased,  the  fapt  should  lie  bnrne 
in  mind  that  physiography  is  one  of  the  younger  of  the  nciences.  In 
truth,  the  new  geography,  or  physiography,  liS  it  hua  been  cliristcncd, 
\b  of  such  recent  birth  that  ita  limits  and  its  rciatlonahip  to  other 
sciences  are  as  yet,  in  part,  indefinite.  Accepting  the  conservative 
view,  that  physiographers  should  eonfine  their  studies  to  the  earth's 
surface,  but  have  freedom  to  investigate  the  causes  producing  changes 
of  that  surface,  whrther  coming  fnim  without  or  arLsing  from  forceti 
at  work  within  the  earth,  my  task  is  to  suggest  ways  in  which  man's 
knowledge  of  hui  dwclUng-placc  may  be  enlarged. 


InherUancti 

Although  the  scientific  study  of  the  earth's  surface  can  Tvith  suffi- 
cient accuracy  tjc  said  tn  be  less  than  a  century  old.  and  to  have 
attuned  the  grcalrCr  part  of  its  growth  during  the  past  lialf-ccntury. 
the  fact  must  be  freely  admitted  that,  preceding  the  recognition  of 
physiography  as  one  of  the  sisterhood  of  sciences,  there  was  a  long 
period  of  preparation,  during  which  man's  phyracal  environment, 
and  the  many  changes  to  which  it  is  subject,  attracted  attention  and 
awakened  interest.  The  more  or  less  general  and  diffuse  descriptions 
of  the  earth's  surface  embraced  under  the  terra  "physical  geography," 
when  vivified,  by  the  idea  of  evolution,  became  the  more  definite  and 
coDcretc  physiography  of  to-day.  Physiography  from  this  point  of 
view  may  perhaps  be  justly  designated  as  scientific  physical  geo- 
graphy. New  thoughts  grafted  on  the  previously  vigorous  Bt«m 
have  borne  rich  fruits,  but  in  many  instances  inherit  much  of  their 
flavor  from  the  original  trunk.  One  of  the  important  duties  of  the 
phy^ographer  is  to  select  all  that  is  of  value  from  the  inheritance 
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that  has  come  to  him,  whether  of  fact,  or  theory,  or  suggestion,  and 
give  it  a  place  in  his  systematically  classified  records. 

In  the  physJcal  geographies  on  our  library  shelves,  in  books  of 
travel,  in  transactions  of  learned  societies,  etc.,  pertaining  to  the  era 
pre^-oiling  tho  time  when  phywcal  geography  becftmo  a  science,  there 
are  numeroufi  records  of  facts,  concciilod,  perhaps,  in  part  in  drearj- 
cosniogomca  and  exuberant  theories,  which  in  many  instances  am 
of  exceptional  value  because,  in  part,  of  the  date  at  which  they  were 
observed.  One  of  the  leading  ideas  in  scientific  geographical  study 
is  the  recognition  of  the  nide-reacbing  principle  that  changes  are 
evcrjTrhere  in  progress.  Many,  if  not  all,  of  the  changes  referred  to 
have  an  orderly  sequence,  and  constitute  what  may  be  suggestively 
termed  Ufo-historics.  In  writing  the  biographies  of  various  featuras 
of  the  earth's  surface  tJic  observations  made  a  century,  or  many 
centuries,  ago  have  a  peculiar,  and  in  some  instances  an  almost 
priceless  value,  because  of  the  tight  they  furnish  as  to  the  sequence 
of  events.  In  this  and  yet  other  ways,  the  records  left  by  paet  gen- 
erations of  geographical  explorers  contain  valuable  legacies.  In 
attempting  to  winnow  the  wheat  from  the  chaff  of  phyacal  geo- 
graphy, the  physiographer  should  avoid  tbe  conceit  of  youth,  and 
fully  recognize  the  work  of  the  bold  and  hardy  pioneers  who  blaied 
the  way  for  the  more  critical  and  better-equipped  iuvcfitigalois 
who  came  later. 

Nomenclatvre 


One  of  the  reasons  for  the  slow  growth  of  knowledge  concerning 
the  earth's  eurface  during  the  centuries  that  have  passed  was  the  fact 
that  the  objects  which  claimed  attention  were,  to  a  great  extent, 
designated  by  terms  derived  from  popular  usage.    The  lang:uage  of 
geography,  in  large  part  of  remote  antiquity,  was  adopted  from  tbe 
parlance  of  cailorD,  hunters,  and  others  in  the  humbler  walks  of  life, 
and  retained  its  original  looseness  of  meaning.    Tho  change  from 
geographical  deRcription  to  scientific  analysis,  which  marked  tbe 
birth  of  physiogrRphy,  necessitated  greater  precision  in  the  use  of 
words.    This  change  is  not  yet  complete,  and  physiography  is  still 
hampered  in  its  growth  and  usefulness  by  a  lack  of  concrete  tenns 
in  which  tersely  and  accurately  to  state  its  results.    In  the  noioen- 
claturc  of  ph>-siogniphy  to-day  the  words  inherited  from  physical 
geography  by  for  outnumber  the  technical  terms  since  introduced, 
and  to  a  large  extent  still  retsin  the  indefiniteness  and  lack  of  foe- 
cision  that  characterize  the  multiple  sources  from  which  they  were 
adopted.    One  of  the  pressing  duties  of  the  scientific  student  of  tlit 
earth's  surface,  and  one  which  on  account  of  its  many  difficuItiM 
may  well  be  reckoned  among  the  physiographic  problems  of  to-dfty, 
is  the  giving  of  fixed  and  precise  meanings  to  the  words  employed  a 
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deecribing  and  classifying  the  features  of  the  earth's  surface,  A 
scientific  physiog:raphical  nomenclature  is  of  importance,  not  only 
to  the  special  students  of  the  earth's  surface,  but  through  tbem  to 
cominunitiea  and  pAtroos.  The  diverse  interpretations  that  have  been 
given  to  such  seemingly  simple  terms  as  "shore,"  "lake,"'  "river," 
"hill,"  "mountain,"  "divide,"  etc.,  as  is  well  known,  have  led  to 
misunderstandings,  litigations,  international  disputes,  and  even 
threatened  to  bring  on  war  between  highly  civilieed  nations,  A  duty 
which  pliysiograptiei-9  owe.  not  only  to  their  science  in  order  that 
its  continued  advancement  may  be  assured,  but  to  communities 
in  payment  for  the  terms  Itorrow&d  from  them,  as  well  as  for  the  gen- 
eral gotid,  18  a  systenmtip  effort  to  dofuie  at-i-urately  the  words  and 
tenns  now  used  to  designate  the  features  of  the  earth's  surface. 
Careful  utioiilion  needs  to  be  given  also  to  the  cuina^  of  new  terms 
when  their  need  ie  delinilely  assured.  An  appropriate  tu^k  for  a  group 
of  physiographere  would  be  the  preparation  of  a  deKcriptivo  geo- 
graphical dictionary,  suited  to  the  wants  of  both  the  epecialist  and 
the  layman. 

White  contiidering  the  advantages  of  a  language  of  science,  its 
disadvantages  should  also  be  recognized. 

The  histories  of  all  sciences  show  that,  as  they  became  more  and 
mOT«  precise,  and  as  their  nomenclature  grew  so  as  to  meet  their 
internal  requirements  more  and  more  completely,  they  at  the  same 
time,  on  account  of  the  very  precifiion  and  accuracy  of  their  lan- 
guage, became  more  and  more  circumBcritied  and  farther  and  farther 
removed  from  the  great  mass  of  humanity  for  whose  luic  and  benefit 
they  exist.  Not  only  tide,  but  a  science  dealing  with  facts  of  vast 
public  importance  and  fiJled  with  instructive  and  entertaining  mat- 
ter—  nay.  in  itself  even  poetic  and  us  fa-scinating  as  the  pages  of  a 
story-book  —  has,  in  not  a  few  instances,  been  rendered  difficult  to 
understand,  and  e^-en  repellent  to  the  general  reader,  by  a  bristling 
array  of  ei^oteric  terms  built  about  it  like  an  aliatis. 

Between  the  two  extremes, —  on  the  one  hand,  a  science  without 
words  in  which  to  epcuk  concisely  and  accurately,  the  condition  in 
which  the  physiographer  finds  himself  at  the  present  time;  and,  on 
the  other  hand,  a  science  with  a  language  eo  technical  and  abstruse 
that  it  seems  a  foreign  tongue  to  the  uninitiated, —  is  there  not  a 
"  happy  mean?  Such  a  murh-to-be-desired  end  seems  to  be  within  the 
grasp  of  the  physinRrupher.  IJy  giving  precision  to  and  defining  the 
bounds  of  words  inherited  from  physical  geography,  and  adding  to 
the  list  such  terms  as  are  strictly  essential  in  the  interest  of  economy 
of  time  and  space,  or  for  accuraey,  —  such  contributions,  so  far  as 
practicable,  to  be  chosen  from  the  language  of  every-day  life,  ^ —  it 
would  seem  as  if  a  nomenclature  could  be  formulated  which  would 
at  the  same  time  meet  the  requirements  of  the  scientific  student 


630 


PHYSIOORAPHY 


and  enable  the  general  reader  of  average  Iiit«]%eDce  Lo 
inatniotion  and  iuspiratioH  from  the  talks  and  wntiogs  of  the 
ci&lly  qualified  iatfirpretera  of  nature. 


Bxphralum 

Physiography,  to  a  great  extent,  is  still  in  the  dewriptive  gtage  of 
its  development,  but  the  desc-riptiona  demanded  arc  Huch  aa  dia- 
criminate  and  iselect  the  essential,  or  eu^estive,  from  the  confusing 
wealth  of  secondary  detaiU  frequently  present.  Tlie  records  should 
also  include  compansona  between  the  objects  described  and  anoloigoug 
topographic  or  other  physiographic  features,  and,  within  safe  aad 
reasonable  ]imitB,  hv.  accompanied  by  explanations  of  their  origin  and 
life-histories. 

One  of  the  important  functions  of  physiography,  as  a  more  mature 
growth  <if  physical  geography,  us  to  continue  and  render  more  coni- 
I^ete  the  exploration  of  the  earth's  surface  and  to  conduct  rcsurveye 
where  neccssar}'.  Geo(;raphicai  exploration  has,  aa  is  well  known, 
been  onrried  on  vigoroasly,  although  spasmodically,  in  the  past,  and 
the  areas  marked  ' '  unknown  "  on  our  globes  have  become  smaller  and 
smaller,  and  more  and  more  isolated.  The  more  critical  physictgraphic 
studies,  however,  which  ha-ve  for  their  object  not  only  the  deecrip- 
tton  of  coast-lines,  mountain  ranges,  plains,  etc.,  but  a  March  (or 
the  records  of  their  birth,  the  discoverj*  of  their  mode  of  developmetn, 
and  their  aHsi^unent  to  a  dcruiitc  plaro  lii  the  complex  whole,  lernied 
man's  euviroument,  has  piogi-esaed  but  slowly.  In  this  stricter  senae, 
the  unknown  areas  on  the  earth's  surface  embrace  regions  of  ocm- 
tinental  extent.  It  is  this  latter  method  of  geographical  exploratiocu 
and  survey  which  now  demands  chief  attention. 

The  terms  "exploration''  and  "survey"  are  here  used  advisedly 
as  two  divisions  (tf  physiographic  field-work  may  j  ustly  be  recognued 
These  ate:    Grst,  travel  iii  which  pbysiogmpiiif  obnorvalious 
iucidental  to  other  aims,  or  perhaps  the  leading  purpoae  iu  view, 
duxiug  a  physiograpliic  reconuoissance;    and,  second,  detailed  fl^^H 
veys  and  critical  study  of  definite  areas  or  of  coDcret«  probl(l^^^| 
Each  of  these  subdivisions  of  the  great  task  of  making  known  the   1 
beauties  and   harmonies  of   man's  dwelliug-place   has  its  speei^ 
fuuctiuus,  ■    ' 

From  the  observant  traveler  we  expect  comprehensive  and  graphic 
descriptions  of  the  regions  visited,  rendered  terse  by  the  use  of  woU- 
clio^n  termg,  in  which  the  more  coni^icuous  eleuienld  of  relief,  aud 
other  physiographic  featiu'es,  and  llieir  relation  to  life,  aball  be 
clearly  and  forcibly  presented.  In  order  to  render  this  service,  tbe 
traveler  should  not  only  be  familiiir  with  the  hroadcr  conclu^doiis 
and  fundamental  principles  uf  physiography,  but  skilled  in  the  use 
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of  its  nomenclature.  The  chief  conlribution  to  the  science  of  the 
earth's  eurfaco  demanded  of  the  explorer  of  new  lunds  is  a  rareful 
record  of  factt).  When  a  journey  becomes  a  rcconnoiEUiancc,  with 
physiography  as  its  leading  feature,  it  is  not  onJy  an  advance  into  a 
more  or  less  unknown  ro^on,  but  an  extursion  into  the  retilm  of  ideas 
aa  well.  It  is  during  such  cxplorntionH,  when  one's  mind  is  stimulated 
by  Dew  impressions,  that  hypothese-s  spring  into  existence  n-ith 
grestest  exuberance.  WTiile  most  of  tJic«j  springtime  growths  are 
doomed  to  wither  in  the  more  IntcnHO  hcut  ol  ^bacqviciil  discussion, 
their  spontaneity,  and  the  fact  that  the  mindr  when  not  oppressed 
by  a  multitude  of  details,  grasps eignificsnt  facts  almost  by  intuition, 
make  the  su^csttons  of  the  explorer  of  peculiar  value. 

The  detailed  work  of  physiographic  stirveys  falls  into  two  groups: 
namely,  the  study  of  definite  areas,  and  the  investigation  of  specific 
problems.  In  each  of  these  related  methods  the  desirability  of  record- 
log  facts  by  graphic  methods  is  apparent.  The  demand  for  accurato 
maps  as  an  aid  to  both  areal  physiography  and  the  Btudy  of  groups 
tA  Bpeeific  forms,  or  the  functions  of  (loncretc  proeo&tios.  needs  no 
more  than  o  word  ot  this  time.  With  the  growth  of  physiography 
the  lime  has  come  when  the  work  of  the  indiNndual  explorer,  who 
from  force  of  circumstances  endeavors  to  follow  many  of  the  paths 
he  finds  leading  into  the  unknown,  is  replaced  to  a  large  extent  by 
well-organ izod  and  well-equipped  siiientific  ex[>Gdition8.  It  is  from 
such  systematically  planned  campaigiia,  in  which  the  phyHiographer 
and  representatives  of  other  sdencea  mutually  aid  each  other,  that 
the  greateat  additions  to  man's  knowledge  of  the  earth's  surface 
are  to  be  expected.  The  moat  extensive  of  the  unexplored  or  but 
Uttle-knowD  portions  of  the  surface  of  the  lithosphere,  in  which  a 
rich  horvest  awaits  the  properly  equipped  expedition,  are  the  sea^ 
floor  and  the  north  and  south  polar  regions.  As  is  well  known,  splen- 
did advances  have  Ixitcn  made  in  each  of  the!«  fieUU,  but,  a8  aeems 
evident,  much  more  remains  to  Itc  accumplisheJ. 

Iii  the  branch  of  phyniography  appropriately  termed  "oceano- 
graphy "  the  problems  in  view  are  the  contour  of  the  sea-floor,  or  its 
mountains  and  deepa,  plains  and  plateaus,  the  manner  in  which  each 
inequality  of  surface  came  into  existence,  and  the  various  ways  it 
is  being  modified.  In  both  of  theiie  directions  the  interests  of  the 
physiographer  merge  with  those  of  the  biologist  and  the  K<^logi8t. 
One  phatsc  of  the  study  of  the  ocean's  floor  which  demmuLs  recog- 
nition is  that  the  topographic  forms  there  present  are  HUch  as  have 
been  produced  almost  entirely  by  constructional  and  diastrophic 
agencies,  free  from  romplications  due  to  erosion  which  so  frequently 
obscure  the  result  of  like  agencies  on  the  land.  For  an  answer  to  the 
question:  What  would  have  been  the  topography  of  land  areas, 
bad  there  been  no  aui>uerial  decoy  and  denudation?  the  topography 
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of  submarine  rrgiona  furnishes  at  least  a  partial  answer.  The  soiind- 
iiijE-linc  in  the  Caribbean  region  has  furnished  examples  of  topo- 
graphy due,  as  it  seems,  mainly  to  differential  movemente  of  bloeks 
of  the  earth's  crust  bounded  by  faults,  whieh  have  not  been  modified 
by  subaerial  denudation.  In  a  similar  w«y,  bs  is  to  be  expected. 
a  survey  of  other  portions  of  the  at  present  water-covered  surface 
of  the  lithosphere  mil  supplement  our  knowledge  of  thee  merged 
portione  of  the  eame  rock-onvelope,  and  assist  in  on  important 
way  in  tho  deciphering  of  their  bistorios. 

In  the  Arctic  and  Antarctic  ropons,  where  all  is  unknown,  ^stem- 
atio  research  may  be  expect«d  not  only  to  extend  many  braDchej 
of  physiographic  study,  but  to  bring  to  the  front  as  yet  unsuspected 
problems. 

The  larger  of  the  unexplored  regions  of  the  earth,  however,  are  not 
the  only  portions  of  our  field  of  study-  that  demand  attention.  New 
ideas,  new  priuriplca.  and  fresh  hypolhcaes  make  an  unknown  country 
of  the  most  fainibar  landscape.  Tlie  definite  formulation  of  the  bas»- 
level  idea,  the  KUggestive  and  far-reaching  principle  embrat-cd  In  tl« 
term  "geographic  cycle,"  the  planeteMmol  hypothesis  as  to  the  origin 
of  the  earth,  etc.,  furnish  new  and  commanding  points  of  view,  or,  as 
they  may  be  termed,  primary*  stations  in  the  physiographic  survey  of 
the  earth  'h  Hurface,  by  meanB  of  which  previous  local  surveys  may  be 
correlated  and  corrected. 

In  the  Hesrch  for  problems,  the  unraveling  of  which  may  be  ex- 
pected to  advance  the  scientific  study  of  the  earth's  surface,  the  writ- 
ings of  travelera,  the  pregnant  aungestions  of  those  who  make  rccon- 
noissancesinto  the  realm  of  unknown  facts  and  nf  unrecognized  ideas, 
as  well  as  the  precise  and  accurate  pictures  of  portions  of  the  earth'i 
surface  presented  on  the  maps  of  the  topographer  and  the  charts  of 
the  oceanngrapher,  point  the  way  to  still  greater  advancements,  and 
fumiflh  inspiration  to  those  who  follow. 

Fundamental  Concepli 

While  physiography  deals  with  the  Burface  features  of  the  earlb, 
the  fact  that  in  thoscfeaturesisexpressed  to  a  great  extent  the  effect* 
of  movements  originating  deep  within  the  earth  leads  the  student  of 
continents  and  oceans  to  ask  of  the  geolngist  and  the  physicis 
puzzling  questions  ns  to  the  changes  that  are  taking  place  in  tie 
great  central  mass  of  our  planet,  and  even  in  reference  to  the  origin 
of  the  earth  itself.  So  intimately  are  the  various  threads  of  naturt- 
study  interwoven  that  the  full  significance  of  many  of  the  surfwe 
features  of  the  earth  cannot  be  gr&s])cd  and  their  geneeis  explained 
until  the  nature  and  mode  of  action  of  the  forces  within  the  eaith 
which  produce  surface  changes  are  understood. 
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Tlie  growth  of  physiography  up  to  the  present  time  has  been 
largely  influenced  by  tlic  f ar- reach  iriK  ideas  of  Laplace  and  others  m 
icference  to  the  nebular  origin  of  the  solar  e>'Stem.  In  all  of  tlie 
questions  respecting  secular  changes  of  land  areas  in  reference  to  tlie 
surface  level  of  the  ocean,  the  origin  of  comigated  and  of  block 
mountains,  the  fundamental  nature  of  volcanoes,  etc.,  the  conirolling 
idea  has  Ixtcn  that  the  earth  liatt  cooled  from  a  state  of  fusion,  and  is 
litijl  shrinking  on  account  of  the  dissipatian  into  space  of  tte  internal 
heat. 

With  the  recent  presentation  of  the  pliinctcsimni  hypothesis  by 
Professor  Chamberlin,  a  radically  different  point  of  view  \s  furnished 
from  which  to  study  the  internal  condition  of  the  earth.  The  new 
hypothesis  —  which  has  for  its  main  thesis  the  building  of  a  planet  lay 
the  gathering  together  of  cold,  rigid,  moteorir.  bodies,  and  the  com- 
pression and  consequent  heating  of  the  growing  globe  by  reason  of 
gravitational  contraction  —  is  suggestive,  and  seems  so  well  grounded 
on  facts  and  demonstrated  physical  and  chemical  laws  that  it  bids  fair 
not  only  to  revolutionize  geology,  but  to  neccgsitate  profound  changen 
in  methods  of  study  respecting  the  larger  features  of  the  earth's  sur- 
face. One  of  the  several  considerations  which  make  the  planetesimal 
hypothesis  appeal  forcibly  to  the  inquiring  mind  in  that  it  employs  an 
agency  now  in  operation,  namely,  the  process  of  earth-growth  through 
the  incoming  of  meteoric  bodies  from  space;  and  for  this  reason  is 
■welcomed  by  uniformitarians,  since  it  is  in  harmony  with  their  under- 
standing of  a  fundamental  taw  of  nature. 

In  many ,  if  not  all ,  questions  respecting  the  origin  of  the  atmosphere, 
the  ocean,  continents,  mountains,  and  volcunoc».  and  the  secular,  and 
to  a  marked  extent,  in  certain  instances,  the  daily  changes  they  experi- 
ence, it  is  e^'ide^t  that  the  planeteaimal  hypothesis  neceeeitatee  a  re- 
vision, or  at  least  a  review,  of  some  of  the  fundamental  conceptions 
held  by  physiographers.  The  objection  will  perhaps  be  advanced  that 
to  make  such  a  radlnid  change  of  front  on  the  ImsiR  of  a  young  and 
u  yet  untried  hypothesifi  is  not  wise.  The  reply  is  that  the  older  hy- 
potbeeis  has  been  tried  and  to  a  marked  e.Tt«nt  found  wanting,  and 
that  the  new  conception  of  the  mode  of  origin  of  the  earth  demands 
consideration,  not  only  as  affecting  a  large  group  of  basement  princi- 
ples of  interest  to  the  physiographer,  but  with  the  view  of  testing  the 
planetesimal  hypothesis  itself  by  physiographic  standards. 

The  problems  interlocked  with  the  mode  of  origin  of  the  earth,  in 
which  the  phyaiographer  shares  an  interest  with  the  geologist,  arc  the 
rate  at  which  the  earth's  mass  ia  now  being  increased  owing  to  the 
ingathering  of  planetesimal,  and  the  chemical  and  phywcal  and  per- 
haps life-conditions  of  the  incoming  bodies;  the  tempeTftiture  o!  the 
earth's  interior  and  the  surface  changes  to  be  expected  Irom  its  in- 
crease or  diminution;  the  results  of  gravitational  ttintttw.t'^QO^mteter- 
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ence  to  movement  in  the  earth's  crust;  the  extrusion  of  gases 
vapors  from  the  earth's  interior,  and  the  resultant  changes  in  prog 
in  the  volume  and  composition  of  the  atmosphere  and  hydrosphere. 
Id  these  and  still  other  fundamental  conceptions  of  the  primary 
causes  of  many  of  the  changes  in  progress  on  the  earth's  surface  the 
plattcteiumal  hypothciii»  ctccmingly  furiiieihes  the  corner-stone  d  a 
brooder  phyaiugrapliy  than  lias  as  yet  been  framed. 


I 


IdetU  Phytiographic  Typ€» 

During  the  descriptive  stage  of  the  study  of  biology  the  telaUon- 
ships  among  plants  and  animals  were  the  chief  end  in  view,  and  M 
a  result  of  the  conilitions  confronted,  a  systematic  classification  of 
animate  forma  under  species,  genera,  families,  etc.,  was  formulated, 
wliich  boa  been  of  infinite  assistance  during  the  more  philosophical 
investigations  that  followed.  Biological  classification  was  facilitated, 
as  learned  later,  by  the  fact  that  with  the  evolution  of  species  ifaeie 
was  concurrent  extinction  of  species.  As  the  tree  of  life  grew,  its 
branches  became  more  and  more  widely  separated. 

Throughout  the  many  chiingus  the  surface  features  of  the  earth 
have  experienced,  there  has  also  been  development,  not  of  the  same 
grade,  but  analogous  to  that  recognized  in  the  realm  of  life;  but  the 
process  of  extinction  has  been  far  less  complete  than  in  the  organic 
kingdom,  and  the  eonneeting  links  between  the  various  groups  of 
topographic  and  other  physiographic  forms  produced  have  persisted, 
and  to  a  conspicuous  extent  still  exist.  The  taitk  of  arranging  the 
infinitely  varied  features  of  the  earth's  surface  in  orderly  sequence,  i 
systematic  physiography,  is  thus  far  more  difficult  than  the  simili 
task  which  the  flora  and  fauna  of  the  earth  pre^ut. 

Tbo  utility  of  clasHilication  is  fully  recognised  by  physiographerSj 
and  various  attempts  have  been  made  from  time  to  time  to  meel 
the  demand,  but  thus  far  without  producing  a  generally  accept—] 
able  result.    Remembering  that  a  scheme  of  classification  of  topo— j 
graphic  and  related  forms  is  to  be  considered  as  a  means  for  attaining 
a  higher  end,  namely,  the  history  of  the  evolution  of  the  surface  fea- 
tureii  of  the  earth,  and  should  be  of  the  nature  of  a  table  of  contents 
to  a  systenmtically  written  treatiMO,  the  task  of  preparing  such  an  indei 
becomes  of  fundamental  importance  to  the  physiographer.     Mnce 
extinction  of  species  among  phyioographic  features  has  probacy  not 
occurred,  and  connected  aeries  of  forms  which  grade  one  into  another 
confront  us,  the  practical  lesson  taught  by  the  success  of  schemes  d 
biological  classification  seems  to  be  that  ideal  physiographic  typei 
should  be  cho^^en  correlative  with  species  among  plants  aud  animab- 

By   "ideal   physiographic   types"  is  meant  complete    syntbeUo 
examples  of  topographic  and  other  phyaiographic  forms,  which  irill 
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fiervo  the  rfll©  of  well-defined  epecies  in  the  study  of  the  mirface  fea- 
tarea  of  the  earth.  Ideal  typos  may  be  likened  to  composite  photo- 
graphs.  Tliey  should  combine  critical  studies  of  many  actual  forms. 
within  a  chosen  range,  and  in  addition  be  ideally  perfect  representa- 
tives of  the  reeults  reached  by  specific  agencies  operating  under  tho 
most  favorable  conditions.  Like  the  idealized  personalities  of  history 
Sknd  religions,  the  types  of  physiographic  forma  might  well  be  more  per- 
fect thaji  any  actual  ©xaniple.  When  such  idcaJiaed  types  sliail  have 
been  chosen  after  uaroful  study,  described  with  care,  and  illustrnted 
hy  means  of  diagrams,  maps,  pictures,  models,  etc.,  a  comparison  with 
ihemof  actual  examples  on  any  portion  of  the  earth  for  the  purpose 
of  identification  and  classification  would  be  practicable.  A  well- 
arranged  catalogue  of  ideal  types  would  be  an  analytical  table  oC 
contents  to  the  histoiyof  the  evolution  of  the  features  of  the  earth's 
surface,  and  constitute  a  scheme  of  physiographic  classification. 

In  illustration  of  what  is  meant  by  an  ideaUjsed  physiographic  type: 
We  find  in  nature  a  great  variety  of  alluvial  deposits,  now  designated 
as  alluvial  cones  or  alluvial  fans.  They  present  a  wide  range  and  in- 
finite gradations  in  ^ne.  eJiape,  composition,  structure,  angle  of  BJope, 
degree  of  completeness,  stage  of  growth  or  decadence,  etc.  Complica- 
tions also  arise  because  of  the  ae^nciation  and  intergrowth  of  such 
■Ihivial  deposits  with  other  topographic  forms.  In  constructing  the 
ideal  type  the  eharacterist-ics  of  many  of  the  most  perfect  actual  allu- 
vial cones,  aided  by  a  studyof  the  essential  features  of  similamrtificial 
structures,  should  be  combined  in  an  ideally  perfect  and  rcprtsenta- 
tive  example  which  would  serve  as  the  type  of  its  species.  .\U  actual 
examples  might  be  compared  with  such  a  type,  their  specific  and  gen- 
eric relations  det«rmined,  and  their  individual  variations  noted.  In 
like  manner,  other  topographic  forms,  ranging  from  the  more  concrete 
species — such  as  constructional  plains,  cinHer-concs,  sea-cliffs,  river- 
terraoes,  etc.,  to  the  more  complex  forms,  as,  for  example,  moun- 
tUD  ranges,  mountain  pyslems,  and  yet  larger  earth-features  —  could 
be  represented  by  ideally  perfect  examples  frco  from  accidental  and 
aecondarj'  complexities  and  nccessories. 

While  individual  examplps  of  idealized  topoRraphic  and  other 
features  of  the  earth's  surface  would  serve  as  species,  their  arrange- 
ment under  genera,  families,  etc..  offers  another  problem,  in  which 
relationship  or  genesis  should  be  the  controlling  idea, 

The  selection  of  idealised  physiographic  types,  as  just  suggested, 
has  for  its  chief  purpose  the  reduction  of  endless  complexities  and 
intergradtttions  to  pracUcablo  limits.  It  is  a  method  ot  artificial 
selection  so  governed  that,  while  no  link  in  the  chain  of  evolution 
need  be  lost  to  view,  certain  links  are  chosen  to  represe^vV  tWir  nearest 
of  kin  and  serve  as  types.  A  danger  to  be  markec^  ^jy  a  consp'vtuoviB 
mgpait  in  case  tliia  plan  for  aiding  i>hy^ograpl>»f'  siyiAy  ^'i^'^^^^  V^^"^ 
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tice,  is  that  it  may  t«nd  toward  empty  ritualism.  To  give  the  idealized 
types  chosen  for  convenience  of  ciassification  an  appropriate  atmo- 
epbere,  the  fact  that  chaDge«  are  constantly  id  progress  ~  that  moun- 
tatns  come  and  go  even  as  the  clouds  of  the  air  form  and  re-form  — 
ehould  be  ever  present  in  the  mind. 

The  process,  of  evolution  without  conciureut  extinctioD  which 
characterizes  the  development  of  phyBiographic  features  finds  expre» 
aion  also  in  related  departments  of  nature,  as,  for  example,  in  petro- 
graphy, where,  as  ie  well  known,  it  has  greatly  delayed  the  framing  of 
a  serviceable  and  logical  system  of  classification.  Indeed,  the  priooi- 
ple  referred  to  may  bo  said  to  be  one  of  the  chief  distinctions  between 
the  organic  and  the  inorganic  kingdoms  of  nature. 

The  Primary  Features  of  the  Eartk't  Surface 

The  primary  features  of  the  earth's  surface  may  consistently  be 
defined  as  those  resulting  from  the  growth  and  internal  changes  of 
the  lithosphere,  while  the  modificaiJona  of  relief  resulting  from  the 
action  of  agencies  which  derive  their  energy  from  without  the  earth 
may  be  termed  serondarj-  features.  The  primary  or  major  character- 
istics of  the  earth's  aurface,  so  fur  as  now  kjiowu,  may  be  ranked 
in  three  groups,  in  accord  with  the  agency  by  which  they  ven  princi- 
pally produced;  namely,  diastrophic,  plutonic,  and  volcanic  physio- 
griLphic  features.  Each  of  the  groups  presents  many  as  yet  unsolved 
problems. 

Diastrophic  FetUvm.     Under  this  perliaps  unwelcome  term  arc 
included  a  large  class  of  elevations,  depressions,  corrugations,  faults, 
etc.,  in  the  surface  portion  of  the  lithosphere  due  to  movements  within 
its  mass.    The  causes  of  the  changes  which  produced  these  results 
are  as  yet  obscure,  and,  although  a  fruitful  source  of  more  or  less 
romantic  hypotheses,  may  in  general  terms  be  referred  to  the  effects 
of  the  cooling  and  consequent  shrinking  of  a  heated  globe,  or.  ander 
the  terms  of  the  planetesimal  hpynthcais,  reckoned  in  part  among 
the  residts  of  gravitational  condensation.     However  obscure  the 
fundamental  cause,  the  results  in  \icw  are  real,  and  among  the  larger 
of  the  earth's  features  with  which  the  physiographer  deals.     They 
are  the  greater  of  the  quarry-blocks,  so  to  speak,  which  have  been 
wrought  by  denuding  agencies  Into  an  infinite  variety  of  Bculptured 
forms.  Included  in  the  list,  astheevidcncc  in  hand  seems  to  indicate, 
are  continental  platforms,  oceanic  basins,  corrugated  and  block 
mountains,  and  many  less  mighty  elements  in  the  marvelously  varied 
surface  of  the  lithosphere.   Not  only  the  study  of  the  shapes  of  these 
features  of  the  earth's  surface,  but  the  movements  they  are  still  experi- 
encmg,  and  their  transformations  through  the  action  of  denuding 
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agencies,  claim  the  attention  of  the  physiographer.  While  it  may 
said  that  the  uivegtigatioQ  of  the  method  by  which  the  primary  relief 
of  the  lithoephere  ha«  been  produced  faMs  to  the  lot  of  the  geologist 
or  the  geophymcist.  the  phy«ographer  is  also  interested  in  the  many 
profound  problema  involved.  The  geologist  and  physiographer  here 
find  a  common  field  for  exploration,  and  can  mutually  assist  each 
other.  Tho  task  of  the  physiographer  is  to  describe  and  classify  the 
elements  in  the  relief  of  the  lithosphere  due  to  diastrophic  agencies, 
discriminate  them  from  dcfomiations  due  to  other  causes,  and  restore 
80  far  as  practicable  the  forms  that  have  been  defaced  by  erosion.  He 
can  in  this  way  assist  the  geologist  by  presenting  him  with  the  results 
of  diastrophism  free  from  acccaeorics.  With  pure  examples  of  the 
forma  produced,  the  geologist  will  bo  botl«r  able  to  discover  the  causes 
and  iheir  mode  of  action,  which  have  produced  the  obuervcd  results. 

Although  much  has  been  accomplished  in  the  way  of  det«rnumng 
which  elements  in  the  relief  of  the  lithosphere  are  due  to  diastrophic 
agencies,  only  a  small  part  of  the  diiSculties  to  be  overcome  have  beca 
Diet.  The  aim  in  view  is  the  attaiaing  of  a  knowledge  of  what  would 
hAve  been  tho  shape  and  surface  features  of  the  solid  earth,  had  there 
been  no  modifications  by  iuteroal  causes  eiccept  diastrophism,  and  no 
changes  in  relief  by  erosion  or  other  surface  agencies.  Included  in 
■  this  branch  of  physiography  is  the  shape  of  the  earth  itself,  in  the 
study  of  which  the  physiographer  bet'omes  a  geodeeist.  The  earth's 
shape,  and  its  primary  surface  featurea  due  to  diastrophism,  form  the 
logical  basii!  for  phydingraphic  »tudy,  in  which  ideal  typ«.<)  of  topo- 
graphic forms  declare  their  usefulness.  In  the  geogrspliical  museums 
of  the  future,  at  the  head  of  the  long  series  of  models  of  pbytiiographic 
types  illustrating  the  specicH.  genera,  families,  etc.,  of  the  earth's 
surface  features,  should  be  placed  ideal  examples  of  the  most  typical 
elements  of  relief  due  to  diastrophism. 

Physingrftphers  cannot  rest  content  with  the  study  of  the  shape  of 
the  lithosphere  and  of  its  surface  relief,  in  which  !to  much  of  the  his* 
tory  of  the  earth  is  recorded,  and  rcfnun  from  searching  for  the 
deeper  meanings  these  facta  suggest,  but  must  have  freedom  to  invade 
the  province  of  the  pt'»lop;ijit ,  the  astrouomer,  the  physicist,  the 
chemist,  and  other  subdivisions  of  the  science  of  the  cosmos,  in  search 
of  tnithe  bearing  on  their  special  line  of  work.  This  is  particularly 
true  in  connection  ■^'ith  the  Bjjecial  department  of  physiography  in 
hand,  in  which  many  of  the  branches  of  the  river  of  knowledge  have 
their  sources. 


Plutonic  Fealurts.  Intimately  associated  with  the  irregularities 
of  the  earth's  surface  due  to  a  decrease  in  its  volume,  and,  as  our 
reasoning  tells  us,  dependent  primarily  on  the  same  cause  and  at 
present  only  partially  differentiated  from  them,  are  surface  elevations 
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Mid  deprCftsionB.  produced  by  the  migration  of  portions  of  the  earth's 
central  magma  from  the  deep  interior  toward  or  to  the  surface.  A 
convenient  but  arbitrarj*  eubiUviaion  of  the  matter  foreed  outward 
from  Iho  earth's  interior  is  in  vogue  among  geoiogirfB,  and  rocks  of 
plutonic  and  of  volcanic  origin  are  recognized.  To  the  pliy«ograpber 
the  distinction  referred  to  is  more  suggestive  than  it  appcura  from  the 
point  of  vicM'  of  the  geolo^st,  since  the  recognition  of  diflerencce 
between  topographic  forms  produced  by  the  injection  of  Huid  or 
piastic  magma!)  into  the  cooled,  rigid  outer  portion  of  the  earth,  and 
topngraphir  forma  rcBulting  from  the  extrUHion  of  similar  matter  at 
the  surface,  is  of  genetic  sigaificaiice. 

The  simile  was  uised  above  between  the  quarry-blocks  taken  to  the 
studio  of  the  sculptor  and  the  portions  of  the  earth's  purfacc  brought 
by  diaatrophic  movements  within  the  sphere  of  inlluencc  of  denuding 
agencies.  There  are  two  other  primary  dosses  of  physiographic 
qiiarry-blopks:  one  produced  by  intruHionB  of  highly  heated  pJostie 
or  fluid  magmas  into  the  earth's  cnmt,  which  cause  upheavals  of  the 
surface  above  them,  and  the  other  due  to  extrusions  of  similar 
maierinl  at  the  surface,  as  during  volranic  eruptions.  The  first  of 
these  two  scries  of  carth-featurea  has  received  much  Icsk  attcntio: 
from  physiographers  than  the  second  scries. 

Surface  elevations  due  to  local  intrusions  are  well  illustrated  by 
the  reconstructed  forms  nf  the  Henn-  Mountains  and  the  stnular 
information  in  !iand  concerning  several  other  r^oris.  The  topo- 
graphic forms  referred  to  have  a  conspicuous  vertical  measure  id 
comparison  with  their  breadth  of  ba.se,  and  their  prominence  gained 
for  them  earlier  recognition  than  in  the  caae  of  related,  and  in  part 
far  more  important,  plutonic  changce.  It  is  to  be  remembered,  bow- 
ever,  that  every  intrusion  of  a  magma  into  the  earth's  crust  is,  theor- 
etically at  least,  accompanied  by  a  change  in  the  relief  of  the  surface 
above.  What  surface  changes  accompany  the  lateral  movementA 
in  the  rocks  ijivaded  by  a  dike  has  eluded  search  and  seemingly 
escaped  conjecture,  The  surface  changes  produced  by  an  cattcosive 
horizontal  injection  of  a  magma,  as  when  intrude<l  sheets  arc  found 
in  stratified  terranes,  is  a  matter  of  inference  rather  than  of  obsorra' 
tion.  Intrusive  sheets  are  numerous,  and  the  surface  changes  in 
topogTuphy,  and  consequently  of  drainage,  that  accompanied  their 
production  must  have  been  important,  but  definite  axamples  are 
vanting.  Critical  studies  are  needed  in  this  connection,  both  b; 
physiopra pliers  and  by  geologists,  in  order  that  the  widelj-  extended 
movements  which  have  been  observed  in  the  surface  of  the  litho- 
spherc  may  be  referred  to  their  proper  cause.  How  do  we  know, 
for  example,  that  the  many  recorded  changes  in  the  relation  of  the 
land  to  sea-level  may  not  in  part  be  due  to  the  injection  of  magmu 
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into  the  earth's  crust,  inste&d  of  diastrophic  movements,  as  com- 
monly supposed.  The  a<Mivily  of  volcanoes  at  the  present  day  is 
warraut  (or  the  hypothesiB  lUat  the  i-oncurroiit  prooesa  of  BUl>-mirface 
injection  is  still  in  progt«8s,  atid  is  to-day  producing  changes  in  the 
geography  of  the  eurth'a  surface. 

Of  stUl  more  importance  to  the  physiogrflplier  than  the  uurface 
changes  known,  or  legitimately  inferred,  to  have  resulted  from  the 
formation  of  (Iike«.  larcolif  hs.  and  intruded  sheets  are  the  elevations 
and  possibly  ponrurrenl  depressions  of  the  supfa/'e  of  the  lit hn.'iphere 
cauaed.  by  Btill  greater  migrations  of  portions  of  the  earth's  central 
magma  outward  and  into  or  beneath  the  riKid  aiirfafrc  rind.  Concern- 
ing theoc  riyioTuil  irUrunione,  as  they  may  be  tcnn(;il,  the  geologist 
hae  furnished  KUKKcative  information.  We  are  told,  for  example, 
that  the  granitic  rocks  from  which  the  \H3ible  portion  of  the  Bitter 
Root  Mountains  in  Idaho  hnve  been  sculptured  are  intrusive.  The 
now  deeply  di-ssected  granitic  core  of  this  mountain  range  meuurea 
not  less  than  three  hundred  miles  in  length  and  from  fifty  to  over 
one  hundred  miles  in  width.  The  area  uccui»ed  by  intrusive  granitic 
rocks  in  the  Kierra  Nevada  is  seemingly  still  greater  than  in  the  case 
just  cited,  and  other  regional  intrusions  of  even  mightier  dimensions 
arc  known  in  the  vast  region  of  crystalline  meks  in  Oanadn  and  else- 
where. The  co\'er8  of  sedimentary  or  other  material  which  formerly 
roofed  the&e  vast  intrusions  in  the  iiistances  now  open  for  study  have 
for  the  most  part  been  removed  by  denudation,  althoiigh  instructive 
remnants  of  metamorphosed  terrancs  occurring  as  inliors  in  the 
granitic  areas  eomctimca  persist  and  reveal  something  of  the  nature 
of  original  domes  of  which  they  formed  a  part. 

The  surface  c-liangcs  in  relief  produced  by  the  migration  of  magmas 
measuring  thousands,  and  in  many  instances,  as  we  seem  justified  in 
concluding,  tens  of  thousands,  of  cubic  mllea.  from  deep  within  the 
earth  outward,  but  failing  to  reach  the  surface,  must  be  reckoned 
as  of  major  physiographic  importance.  The  ver>-  magnitude  of  the 
features  of  the  earth's  aurface  due  to  such  intrusions  has  served  to 
conceal  their  significance.  We  look  in  vain  in  our  Ircatisoa  on  phyalii- 
graphy  for  so  muc-h  as  a  mejition  of  them.  Perhaps  the  excuse  will 
be  offere<i  that  the  modifications  in  relief  referred  lo  are  commonly 
grouped  with  the  results  produced  by  diastrophic  agencies;  but,  if  so 
considertrd,  a  differentiation  seenia  necesear>',  and  the  signilicance  of 
the  topographic  forms  resulting  from  intrusions  of  various  kinds 
clearly  recognized. 

In  our  dr^amed'Of  museum  of  ideal  physiographic  types,  mighty 
domes  raised  hy  regional  intrusions,  broad  uplifts  with  perhaps 
sharply  defined  bnundaries.  elevated  by  relatively  thin  intruded 
sheets,  as  well  as  flte«i>-sided  domes  with  relntivelj-  small  baaes,  con- 
cealing laccoliths,  and  the  still  smaller  covers  arching  over  plutonic 
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plugs,  wiit  demand  n  place  in  the  group  of  type  examples  of  primarj 
unsculpturcd  elements  in  the  relief  of  tbc  litbosphcrc. 

Volcanic  Fcatuna.  ElovatlonK  on  the  surface  of  llie  lithoaphere 
due  to  the  presence  of  uiaterm!  extruded  from  volcanic  veuta  have 
long  been  recognized,  but  the  specific,  or,  as  perliape  may  be  con- 
ebtently  claimed,  generic,  differencCB  among  tiiera  liave  only  recently 
claimed  attention.  Of  primary  importance  in  the  classification  of 
topographic  forms  of  volcanic  origin  is  the  fact  that  volcanoce  are 
both  construclive  and  desLnictive  in  their  action.  Among  the  results 
of  constructive  action  are  included  the  changes  produced  by  effusive, 
fragment  al-8olid,  and  maiwivc-tKilid  eruptions,  each  of  which  hac 
furnished  a  wiiie  range  of  primary  topographic  forms.  The  catalogue 
of  recognized  types  includes  lava  p]uin»  and  plateaus,  cinder  and 
lapill)  cones,  lava  cones  and  domes,  lapUli  and  dust  plains,  together 
with  many  minor  structures,  such  as  "spettpr-cones,"  "lavo-deltM," 
" Inva-gutters,  "  "lava-levees,"  and  the  variou.s  surface  details  of 
lava-streams  due  to  the  flow  of  still  mobile  magmas  beneath  a  stif* 
fenetl  crust  which  ranged  in  physical  consistency  from  a  highly  ]^astic 
tu  a  rigid  and  brittle  condition.  With  these  more  familiAr  fonns  are 
to  be  included  also  the  results  of  m&ssive^olid  extrusions,  of  which 
the  "obelisks"  of  Mont  Pel<!e  arc  the  most  striking  examples. 

Our  present  list  of  dcstructional  topographic  forms  due  lo  volcanic 
eruptions  ijicludcs  decapitated  cinder,  lapUli,  and  lava  cones,  and 
subsided  and  broken  lava-dome-s.  calderas,  crater-rings,  etc.,  together 
with  cones  of  various  kinde  breached  by  outflowing  lavas;  and,  as 
minor  features,  the  floated  blocks  sometimes  carried  on  lava^streams^ 
or  the  TnoTcines  of  lava  jlowa,  as  they  may  suggestively  be  termed,  th» 
subsided  and  broken  roofs  of  luva-tunnole,  etc. 

The  interesting  contributions  made  during  the  past  decade  to  the 
list  of  topographii-   forms  resulting   from   the  action  of   v<rfeanio 
agencies  are  highly  suggestive,  and  warrant  the  belief  that  still  more 
numerous  and  equally  important  results  in  the  same  direction  will 
reward  more  extended  and  more  careful  search.     The  progress  of 
physiography  would  evidently  be  accelerated  by  a  systematic  revieir 
and  a  more  definite  cla^liieation  of  the  topographic  forms,  L>otb  con- 
structional and  destructional,  known  to  have  resulted  from  volcanic 
agencies,  and  a  mure  critical  selection  of  types  to  serve  as  speciei 
than  has  us  yet  been  attempted.    From  such  a  catalogue  tsomcthinj 
of  the  underlying  principles  governing  the  many  ways  in  which  the 
relief  of  the  earth's  surface  has  been  modified,  and  is  stUl  boiiig 
changed  through  the  agency  of  volcanoes,  would  make  themsclvec 
manifest,  and  predictions  rendered  possible  which  would  facilitaW 
further  study.    The  analogy  between  Eavn-streams  and  rivers,  on  ibe 
one  hand,  and  glaciers,  on  the  other,  suggests  interesting  and  instruct- 
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tve  methods  for  considering  the  entire  question  of  the  movements 
of  liquids  and  solids  on  the  earth's  surface. 

While  the  topographic  changes  produced  by  volcanic  agencies  &n 
of  chief  interest  to  the  physiographer,  they  load  him  to  profound 
gpeculsttona  in  reference  to  the  natui-e  of  the  forces  to  whirh  they  are 
due.  the  source  and  previous  (.-oiidition  of  the  matter  extruded  during 
eruptions,  and  the  study  of  the  existing  relations  between  the  earth's 
interior  and  its  surface.  The  great,  and  as  yet  hut  partially  answered, 
qucetions:  Whence  the  heat  manifest  during  voloaaic  eruptiojut? 
What  is  the  source  of  the  energy  whi(7h  forces  lava  to  rise  from  deep 
within  the  earth  through  vott-anic  conduits  to  where  it  is  added  to  the 
surface,  perhaps  ten  to  twenty  thousand  feet  above  nea-level7  and, 
What  is  the  source  or  sources  of  the  steam  discharged  in  such  vast 
quantities  during  eruptions  of  even  minor  intensityT  are  of  as  groat 
interest  to  the  physiographer  as  they  are  to  the  geologist,  and  furnish 
another  illustration  of  the  unity  of  naturo-study.  From  the  new  point 
of  viev;  furnished  by  the  author  of  the  planetesimal  hypothesis,  the 
many  questions  the  physiographer  is  asking  concerning  volcanoes 
and  fissiuv  or  regional  eruptions  arc  rendered  still  more  numerous 
by  the  suggestion  that  these  hcry  fountuitis  are  tlie  sources  from 
wbich  the  occ&n  and  all  the  surface  waters  of  the  earth  have  been 
supplied.  This  startling  revelation,  as  it  seems,  makes  a  still  more 
urgent  demand  than  had  previously  been  felt  for  quantitative  meas- 
ures of  the  vapor  discharged  from  volcanic  vents.  Nor  is  this  all; 
with  the  steam  of  volcanoe.1  is  ininglod  various  gases,  and  the  mode 
of  origin  of  the  earth's  atmnnphore,  as  well  as  the  changes  it  is  now 
undergoing,  is  a  theme  in  which  the  physiographer  ia  profoundly 
interested. 

Volcanic  mountains  are  numbered  among  the  most  awe-iiiepiring 
of  topographic  forms;  the  solid  additions  which  volcanoes  make  to 
the  surface  of  the  llthoaphere  are  in  view,  and  the  contributions  to 
the  atmosphere  of  vapors  and  gases  from  the  aamo  sources  are  tang- 
ible facts;  but  another  phase  of  the  great  problem  is  also  of  mterest 
to  the  physiographer,  namely,  what  changes  take  place  in  the  rigid 
outer  shell  of  tiic  carlh  by  reason  of  sufli  transfors  of  vast  volumea 
of  material  as  are  known  to  have  occurred  from  deep  within  the  earth 
to  its  surface.  The  magmas  which  have  been  caused  to  migrate  and 
come  to  rest  for  a  time,  either  as  intrusionB  >iithin  the  earth's  outer 
shell,  or  as  extrusious  on  its  surface,  are  measurable  in  tmllions  of 
cubic  miles.  In  connection  with  the  profound  questions  concerning 
the  formation  of  folds  and  fractures  in  the  earth's  crust,  an  agency 
is  thus  Eugge^ed  comparable  in  importance  with  loss  of  heat,  as 
under  the  nebular  hypothesis,  or  with  gravitational  conipreaaiou,  as 
explained  by  the  planetcsimal  hypothesis.  In  tlie  many  discussions 
that  have  appeared  aa  to  the  adequacy  of  earth  contraction  to 
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account  for  the  origin  of  mountains  of  the  AppaiocbJAn  typ«,  I  Imve 
been  able  to  find  hut  one  mention  of  the  rdle  played  by  the  Irnnsfer 
of  matter  from  deep  wiihin  the  eiLrth  outward,  and  in  part  its  extru- 
sion at  the  surface,  in  causing  folds  in  the  crust  from  beneath  which 
it  was  derived.  Problemit  of  fundamental  importance  are  outlined 
by  the  consideration*  under  review. 

To  the  Imoiediate  question,  What  is  the  best  plan  for  cnlsrginc 
our  knowIedRc  of  the  physiography  of  volcanoes?  the  reply  sMtns 
portiiient:  Press  on  with  the  study  of  both  active  and  dormant  or 
extinct  examplea  In  this  connection  it  should  be  remembered  that, 
while  the  individual  volcanoes  and  volcanic  mountains  which  have 
been  critically  studied  can  be  enumerated  on  the  fingers  of  one's 
htbnds,  those  which  arc  practically  unknown  number  many  thou- 
Bands.  The  fact  that  Mont  Pelie  and  La  Soufrierc  of  St.  Vincent 
during  their  recent  periods  of  aptivity  furni.shcd  examples  of  at  least 
two  important  phases  of  volcanic  eniptions  not  previously  recognizwl 
is  an  assurance  of  rich  returns  when  other  eruptions  are  critically 
investigated. 

While  it  is  difficult  to  formulate  the  precise  questions,  so  numerous 
are  they,  to  be  asked  of  volcanoes,  whether  active,  dormant,  or  dead, 
and  in  various  stages  of  decay  and  dissolutton,  it  is  plain  that  all 
the  facts  that  can  be  learned  concerning  them  ahouJd  bo  classified  and 
put  on  record,  and  their  more  obvious  bearings  on  the  fundamental 
quest.ions  concerning  the  i-oadition  of  the  earth's  interior,  and  the 
changes  there  talcing  place,  pointed  out.  In  this  connection  —  and 
as  is  true  in  all  branches  of  research  —  the  fact  may  be  recalled  that 
energy  expended  in  discovering,  classifying,  and  recording  fact« 
decreases  the  time  and  force  neces,<iary  for  the  framing  of  multiple 
hypotheneii.  With  an  abundance  of  we]l-claaeifie<l  and  pertinent 
observations  in  hand,  the  nature  of  the  thread  on  which  the  gems 
of  truth  should  Ije  strung  usually  declares  itself. 

Rfgumf..  On  a  previous  page  of  this  easay  the  desirability  waa 
suggested  of  recognizing  ideal  types  \vith  the  aid  of  which  the  multi- 
ludinous  surface  featurej)  of  the  earth  rould  be  classified  and  studied. 
Thus  far  we  have  considered  the  elements  in  the  relief  of  the  earth'* 
Burfaee  which  have  resulted  from  changes  within  its  moss.  We  tonn 
them  primar}'  physiographic  features,  because  their  birth  precede* 
tbe  modificabions  of  the  lithoapherc  due  to  agencicji  acting  externally. 
They  are  (1)  the  topoRraphic  forms  resulting  from  contraction  od 
account  of  cooling,  or  of  condensation  owing  to  growth  in  mass;  (2) 
the  surface  changes  produced  by  intrusions  of  magmas  into  the 
earth's  out«r  shell;  and  (3)  the  results  of  volcanic  eruption.  Among 
the  more  important  idealized  models  in  our  future  physiographic 
museum  there  should  be  displayed  continental  platforms,  oceanic 
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9,  corrugated  mountains,  block  uiuuntains,  domes  of  various 
and  some  of  vast  dimeDsiocs  upratsed  by  iiitrusioDs,  volcanic  cones, 
lava- plateaus,  etc.  These  are  the  major  phyaJograpLic  types,  or  the 
larger  monoliths  from  which  the  rock-hewn  temples  of  the  earth  have 
been  sculptured  by  forces  acting  on  the  surface  of  the  lithosphere  and 
deriving  their  energy  mainly  from  the  sun.  Resulting  from  surface 
cbaoges  come  a  vat>t  array  of  both  constructive  and  rleetructive 
physiographic  features,  which  may  conflistently  be  termed  secoudary. 
Under  secondary  fealurca  may  be  included  alno  relatitinal  tojfographic 
forms,  such  as  islands  in  water,  in  glscieni,  and  in  lavo-helds.  In 
the  study  of  the  primary  features  of  the  earth's  eiirface  the  work  of 
the  phyaiographer  is  most  intimately  linked  with  that  of  the  geo- 
logist, but,  OH  passing  to  the  secondary  feature,  the  influence  of  Hfe 
becomes  apparent,  and  the  relation  of  man  to  nature  is  in  the  end  the 
leading  theme. 

Secondary  Phtftiographic  Featnra 

The  most  familiar  features  of  laud  areas,  as  is  well  known,  are 
those  which  owe  their  existence  to  the  work  of  moving  agencies 
resident  on  the  earth's  surface,  such  as  the  wind,  streams,  glaciere, 
waves,  ciu-rcnt*.  etc.  The  forces  at  work  are  set  in  motion  by  onorRV 
derived  from  without  the  earth,  and  the  material  worked  upon  is 
brought  within  the  range  of  their  activities  by  forces  resident  within 
the  earth  which  cause  deformations  of.  or  additions  to,  its  surface. 
The  earth-born  primarv-  physiographic  features  are  thus  modified 
by  sim-derived  forces,  and  a  vast  array  of  secondary  modifications  of 
relief  are  produced  which  give  variety  and  beauty,  particularly  to 
those  portions  of  the  lilhcwphere  which  are  exposed  for  a  time  to  the 
air.  The  study  of  secondary  phyniographic  features  has  produced 
»  rich  and  abundant  harvest,  especially  during  the  last  quarter  of  a 
ceDtur>',  and  the  returns  arc  still  coming  in  at  a  seemingly  accel* 
erated  rate. 

The  themes  for  study  are  here  mainly  the  v-arious  processes  of 
erosion  and  deposition  of  the  material  forming  the  outer  £lm  of  the 
Uthoaphere,  and  the  characteristics  of  the  destructive  and  construot- 
ive  topographic  forms  produced.  With  the  knowledge  gained  coa- 
eeniing  the  chaoiKCi  now  in  progress  on  the  ocean's  shore,  in  the 
forest,  by  the  riverside,  on  the  snow-clad  and  glacier-covered  moun- 
tains, etc..  the  physiographer  seeks  to  decipher  the  rcconls  made  in 
similar  situations  during  the  past.  Two  groups  of  problems  are  in 
sight  Id  this  connection ;  one  is  concerned  with  observing,  claiwifying, 
and  recording  the  changes  now  In  progress;  and  the  other  has  for 
its  chief  aim  the  translation,  in  terms  of  the  agencies  now  at  work, 
of  the  records  left  by  pact  changes.    We  find  that  to-day  the  same 
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area  is  being  inscribed  perhaps  in  several  different  ways.  The  surface 
of  the  vartli,  tike  an  aticiont  manuscript,  is  frcf|ucritly  written  upon 
in  tlifTercnt  direirtioiis;  and  with  different  characters.  It  is  the  duty 
of  the  phyaiographcr  to  trunidatc  this  ancient  patimpscat,  and  deduce 
from  it  the  history  of  tlie  development  of  the  features  of  the  eartli's 
surface.  It  ha«beengaidthftt  "geology  is  the geogriiphy  of  the  past." 
but  to  the  physiographer  this  formula  has  a  yet  deeper  meaning. 
There  is  a  physiography  of  the  past,  of  venerable  antiquity,  which 
has  bc^n  to  receive  attention.  Ancient  land  surfaces,  buried  during 
Ideological  eras  beneath  tcrrancs  which  were  deposited  upon  them, 
have  here  and  there  been  exposed  once  more  to  the  light  of  the  sun, 
owing  to  the  removal  by  erosion  of  their  protecting  coverings.  In 
northern  Michigan,  for  example,  one  may  gare  on  the  veritable 
hills  and  vailey.s  which  were  fashioned  by  the  wind,  rain,  and  streams 
of  pnyPotsdam  days  of  sunshine  and  shower.  These  /oastJ  tarultcapet 
invite  special  study,  not  only  on  account  of  their  poclie  suggestive- 
nees,  but  as  furmshing  evidence,  supplementary  to  that  afforded 
by  organic  records,  ripple-marke,  shrinkftgo-erncks,  etc.,  as  to  the 
onenesB  of  nature's  proocsues  throughout  cons  of  time.  The  con.sider- 
ation  of  past  physiographic  conditions,  the  tracing  of  former  geo- 
graphic cycles,  the  study  of  the  coneurrent  development  of  primary 
and  secondary  physiographic  features,  the  cauwis  and  effects  of  past 
climatic  changes,  and  the  influencea  of  thciKi  and  still  other  events 
of  former  ages  on  the  present  expression  of  the  face  of  nature,  offer 
not  only  a  fascinating,  but  a  far  extended  field  for  research. 

One  eepeciaily  important  development  of  the  study  of  past  physio- 
graphie  conditions,  and  the  manner  in  which  they  merge  with  the 
present  phase  of  the  name  history,  is  the  connection  between  the  lifo 
of  the  earth  and  its  control  by  physical  environment.  Th©  present 
and  past  distribution  of  floras  and  faunas  affords  important  data 
supplementary  to  those  recorded  by  abandoned  etrcam-ehannels, 
glacier-scorings,  elevated  and  depres-sed  shore-linSB,  desiccated  lake- 
basins,  and  other  phyacal  evidences  of  former  geographic  changes. 

In  the  ex(;ur.sion.s  into  the  domain  of  the  unknown,  here  suggested, 
the  pliysiographer  seeks  the  companionship  and  coiuisel  of  both  tie 
geologist  and  the  biologist. 

Phytutffraphy  and  Life 

Tn  the  study  of  the  relation  between  phywography  and  the  present 
state  of  development  of  living  organisms  on  the  earth,  it  is  convenient 
and  logical  to  recognize  two  great  subdivisions:  the  one,  the  contwJ 
exerted  by  physiographic  features  on  the  distribution  of  planta  sod 
animals;  and  the  other,  the  reaction  of  life  on  its  phyeieal  environ- 
ment, and  the  modification  in  the  relief  of  the  lithosphere  and  the 
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I  geography  of  ita  surface  thus  produced.  Although  man  is  emhraced 
in  each  of  (be^e  caleKories.  there  are  suiBcient  reasons  for  consider- 
ing his  relations  u>  hia  environment  separately  from  those  of  the 
lower  forms  of  life. 

The  dBpendeiice  of  life  on  its  physiral  environmsnfc  has  received 
much  attention  fruiii  hotanisis  and  ztiuloguita,  and  Is  perhaps  the 
leading  thesis  now  claiming  their  attention.  So  important  is  this 
branch  of  study  that  a  name,  "ccoIok\-,"  bus  licen  coined  by  which 
to  designate  it.  The  phase  of  nature-utudy  thus  made  prominent 
pertains  to  the  marvelously  delicate  adjustment  that  has  been  found 
to  exist  between  the  dit^trihutinn  of  life  and  the  niiture  of  the  region 
it  Inltabiu.  Among  the  interesting  themes  involved  are  topographic 
relief,  degree  of  comminution  and  disintegration  of  the  surface 
blanket  of  rock-wiurtc,  depth  and  frcc«lom  of  [jcnetralion  of  water 
aod  air  into  the  life-suMlaining  film  of  the  earth's  surface,  and  the 
ooDcurrent  ehanjceg  in  life  with  variations  in  these  and  other  physical 
conditions.  In  this  most  fascinating  branch  of  study  the  ecoIogiBt 
borrows  freely  of  the  physiographer,  and  makes  payment  in  peat- 
be^,  living  vegetable  dams  in  streams,  organic  acids  sen-iceable 
for  rock  disintegration  and  decay,  depositu  of  calcium  carbonate 
and  silica  in  lakes  and  about  springs,  vast  incipient  coat-heds  ili  the 
tundras  of  the  far  north,  and  ntimerous  other  ways. 

From  the  physiographic  point  of  \iew.  however,  the  many  and 
intricate  ways  in  which  life  leads  to  modifications  in  the  features  of 
the  lithosphere  are  of  more  direct  interest  than  studies  in  ecology. 
Much  has  been- accomplished  in  this  direction,  but  it  is  evident  that 
as  yet  but  partially  explored  paths  leading  through  the  borderland 
between  biolog>-  and  physiography  remain  to  be  critically  rxamined. 

In  comiection  with  the  ehangea  in  progreea  on  the  earth's  surface, 
due  to  the  inlluenco  of  organic  agencies,  and  the  application  of  that 
knowledge  in  int<Tpreting  paat  changos.  the  study  of  the  influences 
exerted  by  the  lowest  forms  of  life  in  both  the  botanical  and  the 
zoClogical  scale  seems  most  promising  to  the  physiographer. 

The  secretion  of  calcium  carbonate  and  silica  by  onc-cclled  organ- 
isms, as  is  well  known,  has  led  to  the  accumulation  of  vast  deposits 
like  the  oozes  on  the  sea-door,  beds  of  diatomaceous  eArth,  deposits 
about  hot  springs,  the  so^ralled  marl  of  fresh-water  takes,  etc.  A 
review  of  the  several  ways  in  which  such  accumulations  an;  formed, 
and  an  extension  of  the  search  in  various  directions,  give  promise 
that  other  and  equally  wonderful  results  flowing  from  the  activities 
of  the  lowest  form  of  life  will  be  discovered.  The  mode  of  deposi- 
tion of  iron,  and  perhaps  of  manganese,  the  generation  of  hydro- 
carbon.i,  the  origin  of  extensive  sheets  of  seemingly  non-fossilifcrous 
limestone  and  dolomite,  the  method  by  which  the  beautiful  onyx 
marbles  are  laid  down,  film  on  film,  the  nature  of  the  chert  ao 
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abundant  in  many  teiranes  and  so  conspicuous  in  the  surface  waste 
of  cxlcnmve  rcgion»,  and  other  equally  important  deposits  which 
exert  a  piofouad  and  frequently  controlling  Influence  on  topographic 
forais,  seemingly  demand  study  with  the  hypothesis  in  mind  that 
they  owe  their  origin  lo  the  vital  action  of  low  forms  of  plant*  or 
animals.  Not  only  the  concentration  of  mineral  matter  by  one-celled 
organisms,  but  the  part  played  by  siiEilar  orgatiiams  to  the  com- 
prehensive processes  of  denudation,  also  invites  renewed  attention. 
Many  of  the  organisms  in  question  do  not  secret-e  hard  parts,  aud 
hence  are  incapable  of  directly  aiding  in  the  concentration  of  inor- 
ganic solids  on  the  surface  of  the  lithosphere.  If  not  assisting  in  the 
buUdiitg  of  physiographic  structures,  the  suspicion  is  warrantable 
thai  tliey  are  engaged  in  sapping  iheJr  foundations.  The  wide  dia- 
tributiou  of  one-eelled  organisms,  —  and.  indeed,  aa  one  may  say. 
their  omnipreeence  on  the  earth's  surface,  —  and  their  seeming  in- 
dependence, as  a  class,  to  differences  in  temperature,  light,  and 
humidity,  enable  them  to  exert  an  unseen  and  silent  influence,  not 
sus]iected  until  some  cumulative  and  conspicuous  result  is  reeehed. 
The  importance  of  bacteria  in  promoting  decay,  and  in  consequence 
the  foruifitiou  of  acids  which  take  a  leading  part  in  the  aolution 
and  redcposition  of  mineral  substances,  the  rdle  played  by  certain 
legions  of  the  invisible  ho^ts  in  secreting  nitrogen  from  the  air  and 
thu.s  aiding  vegetable  growth,  and  perhaps  to  be  held  accountable 
also  for  the  concentration  of  nitrates  in  cavern  earths,  the  pikrU 
others  play  in  fermentation,  and  the  diseases  produced  in  plant». 
and  animals  by  both  bacteria  and  protozoa,  render  it  e^-ident  that  an 
energy  of  primary  importance  to  the  physiographer  Is  furnished  by  ■ 
these  the  lowf^t  of  living  forms.  Physiographers  were  given  a  new 
point  of  view  when  ]>arn'in  explained  the  put  played  by  the  hum- 
ble earthworms  in  modifying  the  earth's  surfaco.  As  it  seems,  stitf 
other  advances  in  otir  knowledge  of  the  changes  In  progress  in  thf 
vast,  laboratory  in  which  we  live  may  be  gained  by  studying  tlie 
vays  in  which  organisms  far  lower  in  the  scale  of  organiJiatioM  than 
the  earthworms  are  supplying  material  for  the  building  of  mouotains 
or  assistinR  in  the  leveling  of  plains. 

In  brief,  a  review  of  the  interrelations  of  physiography  and  life 
shows  that  from  the  lofty  snow-fields  reddened  by  i^ofoeoGieus,  to 
the  Ixttlom  of  tlic  ocean,  the  surface  of  the  lithosphero  is  nearly 
everywhere  enveloped  in  a  film  teeming  with  life.  In  part  the  vital 
forces  at  work  are  rcconcent rating  material  and  adding  to  the  solid 
framework  of  the  globe,  and  in  part,  but  leea  obviously,  aiding  is 
rock  decay  and  disintegration.  Throughout  this  vast,  complex 
cycle  of  changes  new  physiographic  features  are  appearing,  others 
disappearing,  and  one  and  all,  to  a  greater  or  less  degree,  are  under- 
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going  modifications.  Tlie  wide  extent  of  tbe  changes  in  progreia, 
aad  their  known  importance  in  certain  instances,  are  justifioation 
for  the  belief  that  the  physiographer  as  well  as  tho  ecologist  will 
find  many  problems  of  fundamental  importance  to  his  science  in 
the  int«rrelatioii8  of  life  and  physiographic  cooditioDs. 


Physiography  and  jV/on 

Go  forth,  subdue  and  replenish  the  earth,  is  the  language  of  Scrip- 
ture. The  observed  results  sliow  thai,  while  man  strives  to  bend 
nature  to  bis  will,  he  him^lf  is  a  plastic  organism  that  is  moulded 
by  the  many  and  complex  external  forces  with  which  it  comes  in 
contact.  Here  again  two  groups  of  themes  present  themselves  to 
the  physiographer:  one  embracing  the  influences  of  environment 
OD  man;  ard  the  other,  the  changes  in  the  featurea  of  the  earth's 
surface,  brought  aI>out  by  human  agcnci<!.i.  In  the  first  the  phy- 
siographer can  aid  the  anthropologist,  the  hi»torian,  the  socialist, 
etc.;  and  in  the  second,  which  is  more  definitely  a  part  of  hi»  own 
specialty,  he  searches  foi'  suggestive  facts  throughout  the  entire 
domain  of  human  activities.  It  is  in  the^e  two  directions  that  the 
student  of  the  earth's  surface  finds  the  most  difficult  and  the  most 
inatructive  of  the  problems  in  which  he  takes  delight,  and  the  richest 
rewards  for  his  efforts. 

The  control  exerted  by  physiographical  environment  on  human 
development  is  so  subtle,  so  concealed  beneath  seemingly  accidental 
oircumstancefi,  and  its  importance  90  obeeured  by  peyi-hological  con- 
ditiona,  that  it«  recognition  has  been  of  slow  growth.  Tlie  countless 
adjujttmcnle  of  both  the  individual  man  and  of  groups  of  men  in  com- 
munities, nations,  and  races,  to  physical  conditions,  is  so  familiar 
that  the  sequence  of  causes  leading  to  observed  results  pasaes  as  a 
matter  of  course,  and  to  a  great  extent  fails  to  excite  comment.  The 
due  recognition  of  the  influence  of  physiographic  environment  on 
history  is  now  coming  to  the  front,  and,  as  is  evident,  the  rewriting 
of  history,  and  (.■«j)ecia!ly  the  history  of  industn,',  from  the  point  of 
view  of  the  physiographer,  is  one  of  the  great  tasks  of  the  future. 
The  problems  in  this  broad  field  are  countleas,  and  the  end  in  view 
is  similar  to  those  embraced  in  dynamical  phvfiioRrapliy,  namely, 
the  study  of  the  various  ways  in  which  man  is  now  influenced  by 
his  physical  environment,  with  the  view  of  interpreting  the  records 
of  similar  changes  in  the  past  and  of  predicting  future  results. 
Or  more  definitely  formulated:  peoples  have  reached  a  high  degree 
of  culture  under  certain  multiple  conditions  of  environment,  while 
other  pcoplefi,  exposed  to  other  combinations  of  conditions,  have 
remained  stationary,  or  retrograded  and  become  degenerate.  What 
are  the  essential  conditions  in  control  in  the  one  case  or  the  other? 
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Can  predictioDB  be  nwde  as  t«  wlmt  the  results  of  a  given  corabina- 
tioD  of  phy»ea]  conditions  on  &  given  eomniuuity  will  be,  in  spile 
of  Ihat  oth«r  and  still  more  ruobile,  ajld  tm  yet  but  lllUe  understood, 
group  of  conditions  embraced  under  the  term  ptijchologyt  Many 
profound  questions,  in  tLe  eolutioii  of  wUich  »Jie  physiographer 
unites  hie  eflfort-s  with  those  of  tlie  student  of  the  humanilic«,  pn»ent 
themeelvee  for  study  during  the  century  that  is  yet  young. 

Within  the  broader  quetitionu  just  suggctited  are  many  others  that 
are  mure  concrete  and  definite,  and  of  vital  importance  to  mankind, 
which  can  be  conveniently  grouped  undu'  the  term  tconamic  phyxio- 
grnphij.  'ITif  problems  which  here  present  theniwlves  share  their 
chief  intorcaU  with  the  enj^ineer.  They  relate  to  planit  for  transport- 
ation in  all  of  its  various  fonufi,  druiniiKC,  irrigation,  water-supply, 
sanitation,  choice  of  municipnl  locations,  control  of  rivcr-flooda, 
selection  of  eities  for  homeR,  farms,  vineyards,  factories,  etc.  In  cvwy 
branch  of  induKtry  a  critical  knowledge  of  the  physical  onndition*. 
both  favorable  and  advcrstr  to  the  economic  end.'4  in  view,  and  of 
the  limitations  of  the  daily,  seasonal,  and  secular  changes  they 
experience,  is  of  prinmry  couuncrcta)  importance.  Although  the 
moncy-vftluc  of  truth  should  be  a  secondary  consideration  to  the 
truth-scckors,  a  critical  study  of  the  influence  of  environment  on 
industry  is  as  truly  a  matter  of  scientific  research  as  any  of  the  less 
complex  and  less  directly  utilitarian  branches  of  physiography. 

The  reaction  of  human  activities  on  physiographic  features  pre- 
sents two  great  groups  of  problems.  Tliese  embrace,  on  the  on^ 
hand,  the  far-reaching  and  frequently  cuonulative  eflects  of  mau's 
interference  with  the  delicate  adjustment  reaoh&d  in  natural  condi- 
tions before  his  inHuenee  became  manifest;  and,  on  the  other  hand, 
the  effects  of  such  changes  on  man's  welfare. 

A  change,  amounting  to  but  little  less  than  a  revolution  in  thr 
long-established  processta  by  which  the  features  of  the  earth's  sur- 
face are  modified  and  developed,  accompanied  the  advaucement  of 
man  from  a  Btate  of  barbarism  to  one  of  civilization,  and  is  most 
strikingly  illustrated  when  men  skilled  in  the  arts  migrate  to  a  pre- 
viously uHuccnpicd  region.  This  new  factor  in  the  earth's  history 
demands  conspicuous  changes  in  the  methods  of  study  u^ualiv 
employed  by  physiographers,  and  makes  proaiinent  a  series  of  in^-w- 
tigations.  the  full  significance  of  which  is  as  yet  obscure.  The  whole- 
Kule  destruction  of  forests,  drainage  of  marshes,  diversion  of  streams, 
building  of  restriuuing  levees  along  river  banks,  tillage  of  land, 
nbandnnment  of  region)^  once  under  cultivation;  the  introduction  nf 
domestic  animals  in  large  numbers  into  arid  regions,  and  the  conse- 
quent modiflral ion ,  and  frequently  the  destruction,  of  the  natuni 
vegetal  covering  of  the  soil;  and  many  other  sweeping  changes  inci- 
dent to  man's  industrial  development,  arc  fraught  with  consequences 
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most  significant  to  the  student  of  nature,  and  of  profound  import  to 
the  future  of  the  human  race.  From  the  point  of  view  of  the  physio- 
grapher, the  ultimate  result  of  these  great  changes  in  the  surface  con> 
ditions  of  the  earth  can  to  a  great  extent  be  expressed  in  one  word, 
and  that  word  is  deaoUUion.  In  view  of  the  suicidal  lack  of  fore- 
thought manifest  in  the  activities  of  peoples,  and,  as  experience 
shows,  increasing  in  many  directions  in  destructiveness  with  indus- 
trial progress,  the  problems  that  confront  the  physiographer  are  not 
only  what  far-reaching  changes  in  the  surface  condition  of  the  land 
result  therefrom,  but  how  the  ruin  wrought  can  be  repaired,  and  how 
human  advancement  can  be  continued  and  its  deleterious  conse- 
quences on  the  fundamental  conditions  to  which  it  owes  its  birth  and 
development  be  avoided  or  lessened.  Considerations  which  lessen 
the  horrors  of  the  regions  crossed  by  industrial  armies  are  that  nature, 
no  matter  how  severely  torn,  has  great  recuperative  power  and  tends 
to  heal  her  wounds;  and  also  that  man,  through  the  science  of  agri- 
culture particularly,  although  greatly  modifying  natural  conditions, 
is  able  to  reconstruct  his  environment,  and,  so  long  as  intelligent  care 
is  exercised,  adjust  it  to  bis  peculiar  needs. 

In  the  relations  of  physiography  to  man,  as  the  above  hasty  sketch 
is  intended  to  show,  the  themes  for  research  are  many  and  important. 
As  a  suggestive  summary,  they  include  the  review  of  history  with 
the  aid  that  modernized  physical  geography  furnishes;  the  recognition 
of  a  strong  undercurrent  due  to  inorganic  conditions  in  the  political, 
social,  and  industrial  development  of  peoples;  the  incorporation  of 
physiographic  laws  into  the  formulas  used  by  the  engineer  in  all  of 
his  far-reaching  plans;  the  calling  of  a  halt  in  the  wanton  destruction 
of  the  beauties  of  nature,  and  the  providing  of  a  check  on  the  greed 
of  man  which  casts  a  baneful  shadow  on  future  generations.  Great  as 
are  the  results  to  be  expected  from  a  better  knowledge  of  the  mode 
of  origin  of  the  earth,  its  deformation  by  internal  changes,  and  the 
removal  and  redeposition  of  material  by  forces  resident  on  its  sur- 
face, the  combined  results  of  all  these  studies  culminate  in  the  relation 
of  man  to  his  environment. 
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The  present  problenm  of  &  science  niay,  I  hope,  be  viewed  aa  those 
problems  tb«  solutioti  of  witioh  at  the  pri^sent  time  ia  niOKl  urgent  and 
appears  most  promiaing.  Were  present  problems  held  to  include  the 
whole  penumbra  of  our  igDorance,  I  at  least  have  neither  thedeaire  nor 
the  compeleiice  to  di^'ounte  upon  them.  So  much  hon  been  written  on 
the  problems  of  geography  in  recent  years  that  a  detailed  summary  of 
the  existing  literature  would  be  a  ponderous  work,  and  afford  much 
dull  and  contradictory  reading.  I  piinniit  even  attempt.  1^  a.'woriato 
different  views  of  the  problems  nf  geography  with  the  names  of  their 
IcadinR  exponents,  though,  perhaps,  if  I  were  to  do  so,  I  should  quote 
with  Himoat  entire  approval  the  masterly  addniw  recently  tltflivered 
to  the  American  Aisaociation  for  the  Advancement  of  Science  by  Pro- 
fessor W.  M.  Davis, 

Believing  that  every  geographer  should  approneh  such  a  question 
as  this  by  the  avenue  of  his  own  experienee.  I  offer  a  frankly  personal 
opinion,  the  outcome  of  such  study,  research,  and  intercourse  with 
kindred  workers  as  have  been  poMible  to  me  during  the  laat  twenty 


years.  The  views  I  hold  may  not  be  representative  of  European, 
perhupEi  uot  even  of  Rritifih,  geographical  opiniou,  except  iu  so  far  as 
they  are  the  result  of  assimilating,  more  or  less  consciously,  the  writ- 
ingii  and  teachings  of  geographical  leaden  in  all  countries,  retaioing 
congenial  factors,  and  modify iiiR  or  rejecting  those  wliich  were  fordgn 
to  the  workings  of  my  own  partially  instructed  mind. 

The  history  of  every  branch  of  science  teaches  that  time  works 
changes  in  the  nature  and  the  value  of  the  problems  of  the  hour.  In 
successive  ages  the  wavea  of  existing  knowledge  make  inroads  upon 
the  shores  of  ignorance  at  different,  points.  For  one  generation  ttrty 
seem  to  luivc  bi^en  setting,  with  all  their  force,  againab  some  odc  b&> 
lected  point;  in  the  next  they  are  encroaching  elsewhere,  the  former 
problem  left,  it  may  be,  imperfectly  solved;  but  gradually  the  area 
of  the  unknown  is  being  reduced  on  overj-  side,  however  irregularly. 

In  the  beginning  of  geography,  the  problem  before  all  others  was 
the  figure  of  the  Earth.  Scientific  progress,  not  in  gengraphy  alone, but 
ID  all  science,  depended  on  the  discovery  of  the  truth  as  to  form.  No 
sooner  was  the  sphericity  of  the  Earth  established  than  two  frcsb  pro- 
blems sprang  to  the  front,  neither  of  them  new,  for  both  existed,  from 
the  first, —  the  fixing  of  position  and  the  rocaeurcment  of  the  size  of 
the  Earth.  Geography,  and  science  as  a  whole,  progressed  by  thcfail- 
ureg,  as  well  as  by  the  suecesses.  of  the  pioneers  who  struggled  for  ceo- 
turies  with  these  problems.  Latitude  was  a  simple  matter,  theoretie- 
ally  no  problem  at  all,  but  a  direct  deduction  from  the  Earth's  form, 
though  its  determination  was  practically  delayed  by  difficulties  of  a 
mechanical  kind.  The  problem  of  the  longitude  was  far  more  serious, 
and  bulks  largely  in  the  history  of  science.  Pending  their  solution,  the 
estimates  of  size  were  rough  guesses ;  had  these  been  more  accurate,  it 
ts  doubtful  if  Columbus  could  liave  persuaded  any  sane  sailor  to 
accompany  him  on  his  westward  voyage  to  India,  the  coast  of  which 
he  was  not  surprised  to  find  so  near  to  Spain  as  the  Caribbean  Sea. 

After  latitude  could  be  fixed  to  a  nicety,  and  longitude  worked  out 
in  certain  circumstances  with  nearly  equal  accuracy,  the  size  of  tbe 
Earth  was  determinpd  withinasmall  limit  of  error,  and  the  problem  of 
geography  shifted  to  detailed  diseoverj-.  This  phase  lafited  bo  long  that 
even  now  it  hardly  excites  surprise  to  see  an  article,  or  to  open  a  vol- 
ume, on  the  history  of  geography,  which  turns  out  to  be  a  narrative 
of  the  progress  of  discovery.  Perhaps  British  geographers,  more  than 
others,  were  prone  to  this  error,  and  for  a  time  the  country  foremost 
in  modem  discovery  ran  some  risk  of  falling  to  the  rear  in  real  geo- 
graphy. 

It  is  not  so  paradoxical  as  it  seems  to  say  that  the  chief  problem  of 
geograpliy  at  present  is  the  definition  of  geography.  Some  learned 
men  have  auid  within  living  memory,  and  many  have  thought,  that 
geography  is  not  a  science  at  all,  that  it  ia  without  unity,  without  a 


PRESENT  PROBLEMS  OF  GEOGRAPHY 


655 


central  theory,  that  it  is  a  mere  jif:glomorat«  of  scraps  of  mis^dlAnooua 
informiition  rof^ardin^  mattera  which  nrc  deait  with  scientifically  by 
afctronomers,  geologists,  botJinisftg,  anlhropoJogists,  and  others.  Geo- 
gnphy  is  not  so  eircumstanccKl.  Although  its  true  position  has  only 
reoBDtly  been  recovered  from  oblivion,  it  if  a  science,  and  one  of  long 
sftondtng. 

1  have  said  before,'  and  I  may  repeat,  because  I  can  say  it  no 
better,  that  modem  ;teoRraphy  has  developed  by  a  recoKnizablo  con- 
tinuity of  change  from  century  to  centurj".  I  ftin  inclined  to  give 
more  weight  than  others  have  done  to  the  remarkable  treatise  of  Dr. 
Nathanael  Carpenter,  of  Exeter  College,  Oxford,  published  in  1625.  as 
iiataj:ein  the  growth  of  geographical  thoughtandtheory.  Thcst-riking 
feature  of  Carpenter's  liook  is  the  practical  assertion  of  the  claims  of 
common  sense  in  dealing  with  questions  which  superstition  and  tradi- 
tion had  prc\-iouely  influenced.  Varenius.  who  died  at  the  age  of  twen- 
ty-eight, published  in  IGSO  n  single  small  volume,  which  is  a  model  of 
concisene-ss  of  expression  and  logical  arrangement  well  worthy  even 
now  of  literal  translation  into  English.  From  several  points  in  its 
arrangement  X  am  inclined  to  believe  that  he  was  influenced  by  Cai^ 
pentcr'e  work.  So  highly  was  Varcniua's  book  thought  of  at  the  time 
that  Sir  Isaac  Newton  brought  out  an  annotated  Latin  edition  at 
Cambridge  in  1672.  The  opening  definition  &a  rendered  in  the  English 
translation  of  1733  (a  work  largely  spoiled  by  stupid  notes  and  inter- 
polations) runs: 

"Geography  is  that  part  of  mixed  ■nmthematics  which  explains  the 
state  of  the  Earth  and  of  its  parts,  depending  on  quantity,  viz.,  its 
figure,  place,  magnitude,  and  motion  with  the  celestial  appcarancea, 
etc.  By  some  it  is  taken  in  too  limited  a  sense,  for  a  bare  description  of 
the  seveml  countries;  and  by  others  too  extensively  who,  along  with 
such  a  description,  would  have  their  political  constitution." 

Varenius  produced  a  framework  of  physical  geography  capable  of 
including  new  facts  of  discovery  as  they  arose;  and  it  ta  do  wonder 
that  his  work,  although  but  a  part,  ruled  unchallenged  as  the  standard 
text-book  of  pure  geography  for  more  than  a  century.  He  laid  stress 
on  the  causes  and  efffrts  of  ph<?nomena,  as  well  as  the  mere  fact  of 
their  occurrence,  and  he  clearly  recognized  the  influence  upon  difTei^ 
ent  distributions  of  the  vertical  relief  of  the  land.  He  did  not  treat  of 
human  relations  in  geography,  but,  under  protest,  gave  a  scheme  tor 
discussing  them  as  a  concession  to  popular  demands. 

As  Isaac  Newton,  the  matheniiiticiAn,  had  turnetl  his  attention  to 
geography  at  Cambridge  in  the  earlier  part  of  the  eighteenth  century, 
so  Iramanucl  Kant,  the  philosopher.  lectured  on  the  same  subject  at 
Konigsberg  in  the  later  part.    The  science  of  geography  he  consid- 
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ered  t-o  be  fundamentally  physk'nl.  but  phywcftl  geography  formed  tfie 
introduction  and  key  to  all  other  possible  geographies,  of  which  he 
enumerated  five:  mathematical,  concerned  with  the  form,  size,  and 
niovcmcnts  of  the  Earth  and  its  place  in  the  solar  system;  moral,  tok- 
iof(  uccaunt  of  the  customs  and  characters  of  moukind  according  to 
their  physical  surroundings;  pclitieal,  coDceroing  th'C  divi^ons  of  the 
land  into  the  territories  of  organized  governments;  m<rcanUie,  or,  as 
we  now  call  it,  commercial  geography;  and  tht-oloyical,  which  look 
account  of  the  distrihutiou  of  religions.  It  is  not  somuch  thecteavage 
of  geography  into  five  branches,  all  springing  from  physical  geography 
Uke  the  fingers  from  a  hand,  which  is  worthy  of  remark,  but  rather  the 
recognition  of  the  interaction  of  the  conditions  of  physical  geography 
with  all  other  geographical  conditions.  The  scheme  of  geography 
thus  acquired  unity  and  flexibility  such  as  it  had  cot  previously  at- 
tained, but  Kant's  views  have  never  received  wide  recognition.  If  his 
geographical  lectures  have  beau  translated,  no  English  or  French  edi- 
iioD  haa  come  under  my  notice;  and  such  currency  as  they  obtained 
in  Germany  was  checked  by  the  more  concrete  and  brilliant  work  o( 
Humboldt,  and  the  teleological  system  elaborated  in  overwhelmiog 
detail  by  Ritter. 

Ritter'o  viewH  were  substantially  those  of  Paley.  The  worlds  be 
found,  fitted  its  inhabitants  so  well  tluit  it  was  obviously  made  for 
them  down  to  the  luinuiesl  detail.  The  theory  was  one  peculiarly 
acceptable  in  the  early  decades  of  the  nineteenth  century,  and  it  had 
the  immensely  important  result  of  leaUinK  men  to  view  the  Earth  as 
a  great  imit,  with  all  its  parts  coordinated  to  one  end.  It  gave  a  philo- 
8Q])hicn],  we  may  even  say  a  theological,  character  to  the  study  uf 
geography. 

Kant  had  also  pointed  to  unity,  but  from  another  side,  that  of 
cvohitinn.  It  was  not  until  after  Charles  Darwin  had  fully  restored 
the  doctrine  of  evolution  to  modern  thought  that  it  was  forced  upon 
thinking  men  that  the  htncss  of  the  Karth  to  its  inhabitants  mig^t 
result,  not  from  its  being  made  for  them,  but  from  their  having  been 
shaped  by  it.  The  iiiOucnce  of  terrestrial  environment  upon  ( he  life  of 
a  people  may  have  been  exaggerated  by  some  writers.  —  by  Buckle, 
in  his  History:  of  Civilization,  for  example,  —  but  it  is  certain  that 
thJH  influence  is  a  potent  one.  The  relation  l)etwet;n  the  foroutof  the 
solid  crust  of  the  Earth  and  all  the  other  phenomena  of  the  surface 
constitutes  the  very  essence  of  geography. 

It  is  a  fact  that  many  branches  of  the  study  of  the  Ji^arth'a  surface 
which  were  included  in  the  cosmography  of  the  sixteenth  centurj-,  the 
physiography  of  Linmeus.  the  physical  geography  of  Humboldt,  and 
perhaps  even  the  Erdkunde  of  llittRr,  have  l>ecn  clal>oruteU  by  special- 
ists into  studies  which,  for  their  f\ill  coinprehcnsiou,  require  the  wbi^ 
attention  of  the  student;  but  it  does  not  follow  tliat  these  spcciolizft- 
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lionti  fuliy  occupy  the  place  of  geography,  for  that  place  \a  to  coor- 
dinate BDd  rorrclutc  all  the  speriid  fiwts  concerned,  ho  thttt  they 
may  throw  Ugbt  ou  the  plan  and  the  processes  of  the  Earth  and  its 
inhabitants.  This  was  clear  to  Carpenter  in  1625,  though  it  has  been 
almost  forgotten  since. 

The  principles  of  geography  on  which  its  claims  to  rtatuB  an  a 
science  re«t  am  generally  agreed  upon  by  modem  geographers,  though 
with  Burh  variiitionB  an  arise  from  differences  of  standpoint  and  uf 
mental  procrni.  The  eYolutionar>-  idea  i»  unifying  geography,  lut  it  Ikus 
unified  biology,  and  the  whole  complicated  subject  may  be  presented 
OS  the  r^-STjIt  of  eontiniious  proppe«<ivo  change  brought  nbout  and 
guided  by  the  influence  of  external  conditions.  It  is  impossible  to  dis- 
cuss the  present  problems  of  geography  without  once  more  recapitulat- 
ing the  permanent  principles. 

The  science  of  geography  ia,  of  course,  based  on  the  matheinaticut 
properties  of  a  rotating  sphere;  but  there  is  force  in  Kant's  classifica- 
tion, which  subordinoted  matheraalical  to  physical  geography.  The 
vertical  relief  of  the  Earth "serust  shows  us  the  grand  and  fundamental 
contrast  between  the  oceanic  hollow  and  the  continental  ndgcs;  and 
the  hydrosphere  ia  so  guided  by  gravitation  as  to  fill  the  hollow  and 
riisc  upon  the  slopes  of  the  ridges  to  n  height  depending  on  itn  volume, 
thU6  introducing  the  great  superficial  separation  into  land  and  sea. 
The  movements  of  the  water  of  the  ocean  are  guided  in  every  particu- 
lar by  the  relief  of  the  sea-bed  and  the  cordiguration  of  the  coast-lince. 
Even  the  distribution  of  the  otmosphere  over  the  Earth's  surface 
is  affected  by  the  relief  of  the  crust,  the  direction  and  force  of  the 
winds  being  largely  dominated  by  the  form  of  the  land  over  which 
they  blow.  The  different  physicoJ  constitution  of  land,  water,  and 
air,  especially  the  great  difference  between  the  specihc  heat  and  con- 
ductivity or  diathermancy  of  the  three,  causes  changes  in  the  distribu- 
tion of  the  sun's  heat,  and  as  a  result  the  simple  climatic  xones  and 
rhythmic  seasons  of  the  mathematical  sphere  are  distorted  out  of  all 
their  primitive  simplicity.  The  whole  irregular  distribution  of  rainfall 
and  aridity,  of  permanent,  seasonal,  and  variable  winds,  of  sea  climate 
and  land  climate,  is  the  reaultant  of  the  guiding  action  of  land  forma 
on  the  air  and  water  currents,  disturbed  in  this  way  from  their  primi- 
tive theoretical  circulation.  So  far  we  sec  the  surface  forms  of  the 
Earth,  themselves  largely  the  result  of  the  action  of  climatic  forces, 
and  constantly  undergoing  change  in  a  definite  direction,  control 
the  two  great  ej-stems  of  fluid  circulation.  These  in  turn  control 
the  distribution  of  plants  and  animals,  in  conjunction  with  the  direct 
action  of  surface  relief,  the  natural  regions  and  belts  of  climate  dictat- 
ing the  distribution  of  living  creatures.  A  more  complicated  state  of 
things  is  found  when  the  combined  physics!  and  biological  environ- 
ment is  studied  in  its  incidence  on  the  distribution  of  the  human  race, 
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the  areas  of  human  settlement,  and  the  tines  of  human  communiea- 
tuKLB.  The  complication  arises  portly  from  the  fact  that  each  of  the 
aUBOGSBive  earlier  environments  acts  both  independently  and  concur^ 
rently;  but  the  difficulty  is  in  greater  degree  due  to  the  circumstance 
that  man  alone  among  animals  is  capable  of  reacting  on  his  enviran- 
mcnt  and  deliberately  modifying  the  conditions  which  oontrol  him. 

I  have  aoid  bcforo,  and  I  repeat  now,  that  the  glory  of  geography  as 
a  science,  the  fascination  of  geography  as  a  study,  and  th«  value  of 
geography  in  practical  affairs,  arise  from  the  recognition  of  this  uni- 
fying inSuenca  of  surface  relief  in  controlling,  though  in  the  higher 
developments  rather  by  euggestion  than  dictation,  the  incidence  ctf 
ever)- mobile  distribution  on  the  Earth's  surface.  lam  iDctined,uithe 
light  of  thcw  views,  to  put  forward  a  de6nition  of  geography  which 
I  think  may  be  accepted  in  principle,  if  not  in  phrase,  by  most  of  the 
class  palled  by  Professor  Davis  "mature  geographers." 

It  runs,  Geography -is  the  science  which  deal$  with  the  JOTma  of  rtiief  of 
th€  Earth's  crust ,  and  with  tJie  influence  which  M«M  form*  exerdse  on  thu 
diilribution  of  ail  other  phenomewi. 

The  old  pigron-hote  view  of  human  knowledge  ie  now  bai^y 
discredited  and  recognized  as  useless,  save  perhaps  by  some  Rip  Van 
Winkles  of  science,  who  concern  themselves  more  with  names  than 
things,  and  would  cheerfully  misconceive  the  facts  of  nature  to  fit  tba 
framework  of  their  accepted  theories.  High  specialization  is  neoessary 
to  progteea,  but  only  as  a  phase  of  a  working  life,  not  as  the  whole 
purpose  of  a  whole  man. 

It  is  convenient  and  often  proBtable  for  a  man  of  science  to  have  a 
recognized  label,  but  it  seems  to  me  that  important  advances  ate  to  be 
made  by  cultivating  those  comers  of  the  field  of  knowledge  which  lie 
between  the  patches  where  the  labeled  eipecialists  toil  in  reoogniied 
and  re8pecte<l  supremacy.  It  has  been  so  habitual  to  claaoify  the  man 
of  science  by  what  he  works  in  that  it  requires  something  of  an  effort 
to  sec  that  the  way  in  which  he  works  is  of  greater  determinative  im- 
portance. Thus  the  scientihc  geographer  is  apt  to  find  no  place  in  the 
stereotyped  classification,  and  his  work  may  be  lost  sight  of  on  that 
account.  Should  he  dwell  on  latitude  and  longitude,  the  astronomer 
smiles  pityingly ;  if  he  looks  at  rocks,  the  geologist  claims  that  depart- 
ment: if  he  turns  to  planta,  the  botanist,  with  the  ecologist  behUid 
him,  is  ready  to  warn  him  off;  and  so  with  other  specialists.  But  the 
mature  geographer  seeks  none  of  the  tenitory,  and  hankers  after  none 
of  the  goldfields,  belonging  to  other  recognized  investigators.  He 
works  with  the  material  they  have  aheady  elaborated,  and  conies 
the  process  a  step  farther,  like  the  goldsmith  handling  the  fintdied 
products  of  the  metallurgist  and  the  miner. 

The  present  problems  of  geography  seem  to  me  to  be  of  two  kinds; 
the  first,  minor  and  preliminar>-,  the  completion  of  the  unsolved  and 
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p&rtiftlly  solved  problems  of  the  past;  the  second,  ultimate  and  eeaen- 

tial,  dealing  with  the  gretit  problem  on  the  solutioa  of  which  the  vhole 

future  of  the  Bcienec  rests. 

The  residual  problems  inherited  from  the  past  represont  the  work 

hich  should  have  been  done  by  our  predecessors,  but,  not  having 

done  at  the  right  time,  remsins  now  to  bar  our  progress.  Ithaalo 

do  only  with  aacertiuning  and  acctirately  recording  faols,  and  involves 

infinite  labor,  but  comparatively  little  geographical  thought. 

To  begin  with,  the  ground  should  be  cleared  by  wiping  off  the  globe 
the  words  terra  incognita.  Such  unknown  ports  of  the  Earth  now  cling 
about  the  poles  alone,  and  that  they  should  even  do  this  is  sometMug 
of  a  disgrace.  If  common  terrestjiat  globes  were  pivoted  on  equatorial 
p<»nt8,  so  that  the  polar  areas  were  not  covered  with  brass  mountings, 
the  sight  of  the  bare  patches  would  perhj^  have  been  so  galling  to  the 
prido  of  humanity  that  they  would  long  sfatoe  have  been  filled  in  In  de- 
tail. Again  and  again,  and  never  more  splendidly  than  in  recent  yearn. 
fpolarexplorers  have  shown  courage  and  perseverance,  and  have  cheer- 
ifully  encountered  hardships  enough  to  have  cnablod  them  to  reach  the 
poles,  and  they  would  have  done  so,  not  once,  but  many  times,  we*o  it 
not  for  the  want  of  money.  Of  course,  all  polar  explorers  have  not 
been  competent  for  the  task  they  xindertook,  but  most  of  the  leaders, 
if  they  had  had  more  powerful  sliipa,  more  coal,  more  stores,  more 
dogs  —  and  sometimes  if  tfaey  had  bad  fewer  raen  —  oould  have 
solved  these  perennial  problems  of  exploration.  With  a  competent 
man  in  command, — and  competent  men  abound, —  a  suUicicncy  of 
money  is  alt  that  is  required.  A  mUlion  dolhuv  judiciously  spent  would 
open  the  way  to  the  north  pole,  a  few  millions  would  reach  the  soutli 
pole;  but  far  more  than  this  has  be^  spent  in  vain,  because  the  money 
was  doled  out  in  small  sums  at  long  intervals,  sometimes  to  explorers 
with  no  real  call  to  the  quests  and  working  in  socordaruM  with  no 
scientific  plan. 

Tbe  grand  journeys  over  the  polar  ice  of  Nansen,  Peary,  and  Cagni 
in  tbe  north,  and  of  Scott  and  his  company  in  the  south,  promise 
well  for  an  early  solution  of  this  particular  problem. 

The  other  residual  probteras  of  exploration  and  survey  are  in  the 
same  case.  If  those  who  control  money  saw  it  to  bo  their  duty  to 
solve  them,  they  would  all  be  solved,  not  in  a  year,  but  in  due  time. 
Though  a  great  deal  of  exploration  remains  to  do,  the  day  of  the 
ignorant  explorer  is  done.  The  person  who  penetrates  a  little-known 
country  in  search  of  adventures  or  sport,  or  in  order  to  go  where  no 
one  of  hii  color  or  creed  bad  been  before,  is,  from  the  geographical 
point  of  view,  a  useless  wanderer;  and  if  he  be  a  harmless  wanderw, 
tbe  true  explorer  who  may  follow  in  his  footsteps  is  uncommonly 
fortunate.  Exploration  now  requires,  not  the  pioneer,  but  the  sur- 
veyor and  the  student. 
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The  map  of  the  world  oimht  to  be  completed,  and  it  is  the  duty  i 
I  believe,  the  interest,  of  cver>'  country  to  complete  at  Icflst  that  por- 
tion which  includes  its  ovd  territory.     Ad  imperial  policy  which 
ignores  mich  an  imperial  responsibility  is  a  thing  of  words,  sdiI  not 
of  deeds.    Unsurveyed  and  unmapped  territory'  ia  a  danger,  aa  well 
as  a.  disgrace,  to  the  country  possessing  it,  and  it  would  hardly  be  too 
much  to  say  that  bound&ry  disputes  would  be  unknown  if  ne^v  lands 
were  mapped  before  their  miDeral  wealth  is  discovered.   The  d^7«e 
of  detail  required  in  any  survey  depends  upon  the  importance  of  the 
r^on.  Thed«iiideratuniia  not  a  large-scale  mapof  every  uninhabited 
idand,  but  a  map  of  the  whole  Earth's  surface  un  the  same  scale,  which 
for  the  preaent  may  be  a  small  one,  and  might  very  well  be  that  of 
I:  1.000,000  proposed  by  Prof  etsor  Penck,  and  now  being  carried  into 
effect  fur  the  aurveyed  portions  of  the  land.    Such  a  map  ought  to 
include  sub-aqueous  as  well  as  sub-aerial  features,  and  when  com- 
pleted it  would  form  a  solid  ba^tLi  for  the  full  dinruRaion  of  many  pro- 
blems which  at  prpsent  can  only  be  touched  upon  in  a  detached  and 
unKHtinfacttory  manner.     The  finit  problem  which  it  would  solve  is 
the  nif-asurcmcnt  of  the  volume  of  the  i>ceanic  waters  and  of  the 
emergent  land,  so  that  the  mean  depth  of  the  oceans  and  the  mean 
heights  of  the  continents  might  be  exactly  determined.    This  would 
involve,  beside*  the  horizontal  sun'cys,  a  vertical  sun'cy  of  consider- 
able aeeurncy.    At  sea  the  vertical  element  is  easily  found,  and  the 
depths  measured  by  surveying  and  exploring  vessels  in  recent  years 
are  very  accurate.  They  must,  however,  be  made  much  more  numer 
ous.     On  land,  outside  the  trigonometrically  8ur\-eyed  and  spirit- 
leveled  countries,  the  vertical  features  are  still  most  unsatisfactorily 
delineated.       Rarometric    determinations,    even    when    made    with 
mercurial  barometerB  or  twiling- point  thermometers,  are  uncertain 
at  the  best,  while  when  made  with  aneroids  they  afford  only  the 
roughest  upiiroxiiuationK  to  the  truth.    Whore  leveling  is  impracti- 
cable, angular  meaaurenienls  of  prominent  heightK,  at  least,  should 
be  insisted  on  as  an  absolute  necessity  io  evcrj'  survey. 

When  a  map  of  tlie  whole  surface  of  the  Earth  on  the  scale  of 
1:1,000.000  is  completed,  we  may  consider  the  residual  problems  as 
solved.  This  is  far  from  being  the  case  as  yet,  and  in  the  present 
pircumKtances  the  moHt  awful  work  that  the  geographical  societies  of 
the  world  routd  do  would  lie  to  .secure  the  completion  of  explora- 
tional  sur\-eys  to  that  scale.  The  Hyatcm  of  instruction  for  travelera 
established  by  the  Royal  ClcoEniphical  Society  has  equipped  a  laige 
niimber  of  explorers  and  colonial  ofHciiUs  as  expert  sur\'cyore,  and 
the  result  is  now  being  felt  in  every  quarter  of  the  globe.  This  is  not 
the  highest  geographical  work,  but  merely  preliminary  and  pre- 
paratory; yet  progress  is  cheeked,  if  not  barred,  until  it  is  necoiD- 
pushed.  The  map  of  one  to  a  million  is  not  to  be  viewed  as  an  end  in 
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itself;  nevertheless,  its  completion  will  mark  an  era,  the  accomfdish- 
mcnt  of  lite  small-scale  survey  of  the  globe,  and  permit  of  fresh 
advances. 

Honey  could  solve  the  last  of  the  proMeiiiH  of  exploration,  but  when 
we  come  to  proljlciiw  of  the  second  catCKory  we  enter  a  region  of  pure 
science,  wliere  nioncj-  becomes  a  minor  considerntion.  The  acquisition 
of  knowlcd^  is  a  simple  process,  for  which  multitudes  have  a  natural 
aptitude;  but  the  coordination  of  knowledge  and  \ts  advancement 
are  very  different  matters.  Tlie  difference  is  more  marked  in  the  caiw 
of  fjeograpliy  than  in  geology  or  chemi»tT>'  or  physicR,  for,  in  English- 
speaking  countries  at  least,  the  training  of  geographers  i^  in  itM  in- 
fancy, whilst  that  of  the  exponent."!  of  other  acienccs  in  highly  devel- 
oped. Heticc  it  happens  thai  before  any  actual  problem  in  KCOKraphy 
can  bo  attacked,  the  man  who  is  to  deal  with  it  must  bo  prepared  on 
purpose  for  the  task,  and  he  must  have  determination  enough  to 
stick  to  an  unpopular  subject  with  little  encouragement  in  the 
present  and  small  prospectn  for  the  future.  Such  men  are  not  very 
easily  found. 

If  they  can  be  found,  the  probtcins  tlicy  should  be  set  (o  solve  arc 
at  hand  and  waiting.  Wc  know  enough  about  the  relations  of  mobile 
distributions  to  fixed  environments  to  feel  satisfied  that  the  relations 
arc  real  nnd  of  importance;  but  we  do  not  yet  know  enough  to  de- 
termine exactly  what  the  relations  are  and  the  degree  in  which  they 
apply  to  particular  ca-ses.  It  is  the  pro«nce  of  geography  to  find  this 
out,  and  to  reduce  to  a  quantitative  form  the  rather  vague  qualita- 
tive suggestions  that  have  been  put  forward.  The  problem  is  multi- 
form and  manifold,  applying  to  a  vast  range  of  phenomena,  and  those 
who  have  surveyed  it  are  often  inclined  to  sigh  for  a  Kepler  or  a 
Newton  to  arise  and  call  order  from  the  chaos. 

A  vast  amount  of  material  lies  before  the  geographer  with  which  to 
work,  even  though,  as  has  been  explained,  much  more  is  needed 
before  the  data  can  be  looked  upon  as  complete.  After  seeing  that 
the  missing  facts  are  in  course  of  being  supplied,  the  great  thing  is  to 
work  and  to  direct  the  work  of  others  towards  the  proper  compre- 
heu^on  of  the  facis  and  their  bearings.  This  involves  as  much  the 
checking  and  discouragement  of  work  in  wrong  or  useless  directions 
as  the  help  and  encouragement  of  well-directed  efforts. 

The  first  element  of  geography  is  the  configuration  of  the  crust  of 
the  Earth,  and  our  knowledge  is  already  ripe  for  a  systematic  classi- 
fication of  the  forms  of  the  crust,  and  for  a  definite  terminolog\'  by 
which  to  describe  them.  For  some  reason,  not  ea-iy  to  diKcnver, 
geographical  terras,  with  the  exception  of  those  handed  down  from 
antiquity,  have  not,  as  a  rule,  been  taken  from  the  ttreck,  like  other 
ficientific  lerma.  They  have  usually  been  formulated  in  the  language 
of  the  author  who  has  introduced  them.   For  this  reason  they  retuD 


a  national  color,  and,  absurd  as  it  may  seem  to  scientific  reSection, 
DSitional  ur  Unguifittc  feeling  is  sometimes  a  bar  to  their  geaeral 
adoption.  A  more  serious  difficulty  is  that  different  languages  fsTOr 
difTensnt  iiiodeiti  of  thought,  and  thiiH  lead  to  different  melhodK  of 
claasilication.  The  cloarnuss  and  do6nit«n(.'ss  of  French  conduces 
to  the  uso  of  simple  names,  uad  the  recognition  of  definite  features 
diatinKiushcd  by  clear  differences.  The  facility  for  cotistnicting 
compound  words  presented  by  German  lends  itself  to  the  recognition 
of  composite  types  and  transition  forma,  the  introduction  of  which 
often  tangles  a  classification  in  an  almost  unmanageable  complexity. 
English  ?tanda  intermediate  between  those  languages,  less  precise. 
perhaps,  than  French,  certainly  iem  adaptable  than  German,  and 
Kiiglii^h  tcrminoloeicR  often  rcSccl  this  clmract«r.  The  best  way  out 
of  the  difUculty  seems  to  be  to  endeavor  to  onivc  at  a  general  under- 
standing as  to  a  few  broad  types  of  land-form  which  are  rocogniied 
by  every  one  as  separate  and  fundamental,  and  then  to  settle  equi- 
valent terms  in  each  important  language  by  an  international  com- 
mittee,  the  finding  of  which  would  have  to  be  ratified  by  the  national 
geographical  societios.  These  terms  need  not  necessarily  be  identical, 
nor  even  translated  literaliy  from  one  language  into  another,  but 
their  equivalence  as  d<^9criptive  of  the  same  form  should  be  absolute 
A  recent  international  committee  appointed  for  the  nomencl&tun 
of  the  forms  of  sub-oceanic  relief  put  forward  certain  suggestions  in 
this  direction  which  might  well  be  a<Upted  to  the  forms  of  sub-aSrial 
relief  an  well.  But  there  are  strong-willed  geographers  who  will 
recognize  no  authority  as  binding,  and  who  will  not,  I  fear,  ev&r  con- 
form to  any  scheme  which  might  threaten  their  liberty  to  call  thinp 
as  they  please. 

PerHunally,  I  would  go  veiy  far  to  obtain  uniformity  and  agree- 
ment on  essential  points,  but  the  only  way  to  do  so  seems  to  be  to 
arrive  by  general  agreement  at  a  classiHcation  that  is  as  brief,  simpb. 
and  esseQtial  as  possible. 

It  is  necessary  to  classify  land-forma  according  to  their  resem- 
blances and  differences,  so  that  similar  forms  may  be  readily  de- 
scril)ed,  wherever  they  may  be.  The  fixed  fitmw  of  the  crust  arc  thv 
foundation  of  all  geography,  the  ultimate  condition  underlying  evei>' 
distribution,  the  guiding  or  controlling  resistance  in  ever>'  strictly 
geographical  cliange.  TIte  question  of  plucc-namea  i.i  altogether 
Bubordinele.  It  is  convenient  that  every  plac«  ahould  have  a  name, 
and  desirable  that  the  name  should  be  philologically  good,  but  the 
national  boards  of  geographic  names,  gec^raphical  fiocieties,  and 
survey  departments  see  to  that,  and  do  their  work  »vell.  The  ques- 
tion of  terminology  is  far  more  difficult,  and,  I  think,  more  pressing. 

The  grand  problem  of  geography  I  t  ake  to  be  the  demonstration 
and  quantitative  proof  of  the  control  exorcised  by  the  forms  of  Ibc 
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Earth's  crust  upon  the  distribution  of  everything  upou  the  surface 
or  in  contact  with  it  which  is  free  to  move  op  to  be  moved.  It  ia  a 
great  problem,  the  full  solution  of  which  must  be  lotiR  delayed,  but 
every  part  of  it  is  a-bud  with  minor  problems  of  detail,  alike  in 
nature.but  differingwidelyin  degree.  Theseminorproblemsclainioup 
attention  Brat,  and  an!  50  numi^rous  that  one  fears  to  attempt  iheir 
ctDumcration  because  of  the  rifik  of  distracting  attention  from  the 
main  issue.  Geography  was  defined  long  ago  as  the  science  of  dia- 
tribution;  but  the  old  idea  was  statical  distribution,  the  laying- 
down  on  maps  of  where  things  are;  now  wo  see  that  we  ought  to  go 
farther,  and  dUcuss  also  how  the  things  came  there,  why  they  re- 
main there,  whether  they  are  in  transit,  and,  if  so.  how  their  path 
is  determined.  We  are  learning  to  look  on  distribution  from  its 
dynamical  side,  the  earth  with  all  iU  activities  being  viewed  as  a 
machine  at  work.  The  geographer,  as  an  independent  investigator, 
has  to  deal  only  with  matters  touching  or  affected  by  llie  crust  of 
the  Earth;  his  subject  is  limited  to  a  part  only  of  the  economy  of 
the  Kosmos,  a  fact  that  sometimes  aeems  to  be  in  danger  of  being 
forgotten. 

The  quantitative  relationships  of  crustal  control  have  to  be 
woriced  out  for  different  areas  with  different  degrees  of  detail.  A  great 
deal  haa  been  done  already,  and  the  material  for  m\ich  more  has 
been  collected  in  a  form  fit  for  use.  The  firnt  step  in  commencing 
such  a  diacussion  ia  the  accurate  mapping  of  all  available  data  — 
each  kind  by  itself  —  for  the  particular  area.  On  the  national,  and 
almost  continental  scale,  this  is  done  better  in  the  United  Statet! 
Census  Reports  than  in  any  other  works  known  to  me.  An  adequate 
discussion  of  all  that  i.t  sihown  in  the  mapR  accompanying  these 
Reports,  and  in  tho»e  of  the  Coa.'it  and  Geodetic  Survey,  the  ("Jeo- 
logiral  Surveys,  and  the  Department  of  Agriculture,  would  l)e  al- 
most an  ideal  geographical  dcscripl-ioii.  The  material  provided  iti 
8ucb  rich  profusion  by  the  Federal  and  State  Governmcnta  is  binng 
used  in  American  univcraitiea  with  an  originality  and  thoroughness 
that  has  developed  the  conception  of  geography  and  advanced  its 
scientific  position.  American  geographers  more  than  others  have 
graaped  the  dynamic  idea  of  geography,  and  realizwl  that  the  cen- 
tral problem  is  the  elucidation  of  the  control  or  guidance  exercised 
by  Hxed  forma  on  mobile  riiHtributJons. 

Detailed  work  in  the  name  direction  has  been  done  by  many 
KuroT>ean  geographers,  whose  works  are  too  well  known  to  require 
citation;  but  the  geographical  treatment  of  statistics  has  not  been 
taken  up  adequately  by  public  departments  in  the  countries  east  of 
the  Atlantic.  To  touch  only  on  the  instance  most  familiar  to  me. 
with  the  exception  of  the  maps  of  the  Admiralty.  Ordnance,  and 
Geological  Sun'eys,  which  cannot  be  surpassed,  the  maps  issued 
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by  British  Government  Department«  in  illustration  of  thdr  reports 
arc  rar(*ly  more  thmi  diugnims  delimiting  the  areas  dealt  with,  but 
not  depicting  the  diKtribiitions.  TUk  is  the  more  regrettable  because 
the  accuracy  and  complclcncn)  of  the  Ktatistica  in  the  reports  are 
inferior  to  none,  and  eupurior  to  most  work  of  a  similar  character 
in  other  countries.  As  frequently  happcna,  private  enterprise  has 
stepped  io  where  oflici&l  action  is  wanting,  and  it  is  a  pleasure  to  the 
geographer  to  turn  to  the  recent  maps  of  Mr.  J.  G.  Bartholomew, 
especially  the  volume  of  hin  great  Physical  Atlas,  the  Atlan  of  Scot- 
land published  some  years  ago,  and  the  Atlas  of  England  and  Wales, 
which  has  just  left  the  press.  Doth  of  the  latter  w(H'ks  contain  gen- 
eral niapa  based  on  statistics  that  have  not  been  subjected  to  catto- 
grapbic  treatment  before,  and  attention  may  be  drawn  in  particular 
to  the  singularly  elTective  and  suggestive  mapping  of  density  of 
population.  Another  work  similar  in  scope,  and  no  less  creditable 
to  its  compilers,  is  the  Atlas  of  Finland,  prepared  by  the  active 
and  enlightened  Geographical  Society  of  Helsingfors.  In  Germany, 
France,  and  Rus&ia.  also,  examples  may  be  found  of  good  work  oS 
this  kind,  sutticiont  to  whet  the  desire  for  the  complete  and  system- 
atic treatment  of  each  country  on  the  same  lines. 

It  seems  to  me  that  the  most  useful  application  of  youthful 
enthusiasm  in  geography,  such  as  breaks  forth  in  the  doctorial  the«es 
of  German  universities,  and  is  solicited  in  the  programme  of  the 
Research  Department  of  the  Royal  Geographical  Society,  would  be 
towards  the  detailed  comparison  of  the  di^ribution  of  the  various 
conditions  dealt  with  slaiistically  in  Government  Reports  with  the 
topographical  map  of  selected  aicas.  The  work  would,  of  course, 
not  stop  with  the  maps,  for  these,  when  completed,  should  be  tested 
and  revised  as  fully  as  possible  on  the  ground,  since  geography,  be 
the  scale  large  or  small,  is  not  advanced  by  maps  alone. 

Such  small  portions  of  the  coordination  of  existing  BUTN-eys  are,  at 
the  best,  no  more  than  fragments  of  a  complete  scheme,  but  they 
show  what  can  be  done  with  existing  surveys  and  actual  statistics, 
and  indicate  where  these  may  be  appropriately  reinforced  by  new 
work.  I  have  treated  a  special  case  of  this  kind  pretty  fully,  in  papers 
to  which  it  is  only  necessary  to  refer.*  One  section  of  the  scheme 
outlined  and  exemplified  in  these  papers  is  the  distribution  of  rain- 
fall viewed  in  relation  to  the  configuration  of  the  land;  and  with 
the  active  assistance  of  nearly  four  thousand  olwervers  in  the  British 
Isles.  ]  feel  that  there  is  some  prospect,  though  it  may  lie  far  in  the 
future,  of  ultimate  results  from  that  study. 

The  system  of  botanical  surveys  now  being  carried  on  with  aig:a*l 
success  in  many  countries  ie  in  some  ways  even  more  interesting.  It 
includes  the  mapping  of  plant  associations  and  the  diacusMion  of  their 

'  Otographicai  Joumat,  vii  (1896).  34&-3IM;  xv  (1900).  2(»-22C.  353-477. 
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relation  to  altitude,  co&Sguration,  soil,  and  climate.  Such  phenomena 
are  comparatively  simple,  and  the  ioflueuce  of  the  various  modi- 
fications of  geographical  control  is  capable  of  being  discovered.  1 
need  only  mention  the  similar  problecns  in  animal  distribution,  both 
on  land  and  in  the  sea.  to  the  elucidation  of  which  many  able  workers 
are  devoting  themselves. 

Difficulties  increase  when  the  more  complicat'Od  conditions  of 
human  activity  are  taken  into  account.  The  study  of  the  geograph- 
ical causea  determining,  or  lUisititiDg  to  determine,  the  siteti  of  towns, 
the  lines  of  roads  and  railways,  the  boundaries  of  countries,  the 
seats  of  industries,  and  the  course  of  trade,  is  full  of  fascination  and 
promise.  H  has  yielded  inlercatiug  rceults  in  many  hands;  above 
all,  in  the  hands  of  the  leading  c-spoDcnt  of  anthropogeography,  the 
late  Profesitor  Katzel,  of  Leipzig,  whose  sudden  death  Inst  month  is 
a  grievons  loas  to  geographiniil  science.  Had  he  lived,  he  might  have 
carried  the  lines  of  thought,  which  he  developed  bo  far.  to  their 
lo^cal  conclusion  in  the  formulation  of  general  laws  of  universal 
application;  but  that  task  dcvnlvea  on  his  disciples. 

Separate  efforts  in  small  and  isolated  areas  arc  valuable,  but  a 
much  wider  basis  is  necessary  before  general  principles  that  are  more 
than  hypotheses  can  be  deduced.  For  this  purpose  there  must  be 
oi^anized  cooperation,  international  if  possible,  but,  in  the  present 
condition  of  things,  more  probably  on  a  national  footing  for  each 
country.  To  be  effective,  the  work  would  have  to  be  on  a  larger 
scale,  and  to  be  continued  for  a  longer  time,  than  is  likely  to  appeal 
to  an  individual  or  a  voluntary-  association.  One  experienced 
geographer  could  direct  an  army  of  workers,  whose  task  would  be 
to  collect  materialfi  on  a  properly  thought-out  plan,  and  from  these 
materials  the  director  of  the  work  oould  before  long  begin  to  pro- 
duce results,  probably  not  sensational,  but  accurate  and  definite, 
which  is  far  better.  The  director  of  audi  n  piece  of  work  must  be 
free  to  disregard  the  views  of  the  collectors  of  the  facts  with  which 
be  deals,  if,  as  may  verj-  well  happen,  these  views  are  at  variance 
with  scientilic  principles. 

A  complete  geographical  description  should  commence  with  a 
full  account  of  the  configuration  of  the  selected  area,  and  in  this 
I  lay  less  stres-s  than  some  geographers  feel  it  necessary  to  do  upon 
the  history  of  the  origin  of  surface  features.  The  features  them- 
selves control  mobile  distributions  by  their  form,  irrespective  of  the 
way  in  which  that  form  was  produced,  and,  although  considcratioofl 
of  origin  are  often  useful  and  always  interesting,  Ihey  are  apt  to  bo- 
come  purely  geological.  The  second  point  to  discuss  is  the  nature 
of  the  actual  surface,  noting  the  distribution  of  such  geological 
formations  as  volcanic  rocks,  clays,  limestones,  sandstones,  and 
ecoDODiiv  ntincrals,  the  consistency  and  composition  of  the  rooks 
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being  thn  points  io  which  alteution  is  directed,  the  gcolo^cal  order 
or  age  an  entirely  subordiimte  uitttter.  To  tlxis  must  be  added  u 
description  of  the  climate  as  due  to  latitude,  and  modi6cd  by  altitude, 
exposure,  and  coniigurntion ;  then  the  distribution  of  wild  and  cul- 
tivated plants  in  relation  to  their  physical  environment,  und  of  tlte 
Industries  depending  on  them  and  on  other  natural  resources.  A» 
the  conditione  increase  in  complexity,  historical  coiwidcruttons 
may  have  to  be  called  in  to  aid  those  of  the  actual  facts  of  to-day.  The 
lines  of  loads  and  railways,  for  example,  are  usually  Id  agreeineiil 
with  the  configuration  of  the  localities  they  serve;  but  anomalies 
HometimeH  occur,  the  explanation  of  which  can  only  lx>  found  b)" 
referring  to  the  past.  The  more  transitory  features  of  a  country- 
may  have  acted  differently  at  different  times  in  affording  farilities 
or  interposing  barriers  to  communication.  The  existence  of  forests 
long  since deHtroyed,  of  marshes  long  siucedrained,  of  mineral  deposits 
long  since  worked  out,  or  of  famous  shrines  long  since  discredited 
and  forgotten,  account  for  many  apparent  exceptions  to  the  rules 
of  geographical  control.  In  long-.<)«tt!ed  countries  the  mobile  dU- 
tributions  do  not  always  respond  immediately  to  a  change  of  en- 
vironment. A  lo\Yn  may  cease  to  grow  when  the  causes  that  called 
it  into  existence  cease  to  operate,  but  it  may  remain  as  a  monument 
to  former  importance,  and  not  wither  away.  As  one  ascends  in  the 
geographical  system,  the  mobility  of  the  distributions  which  have  to 
be  dealt  with  increases,  the  control  of  crust-forms  upon  them  dimin- 
ishes, and  non-geographical  influences  come  more  and  more  into 
play.  It  umy  even  be  that  causes  altogether  outside  of  geographical 
control  account  for  the  persistence  of  worn-out  towns,  the  choice  of 
sites  for  new  settlements,  or  the  fate  of  existing  industries.  If  tliis 
lie  really  so,  I  think  it  happens  rarrly,  and  is  temporary.  Ucograph- 
ical  domination,  supreme  in  simplo  conditions  of  life,  may  l>c  modi- 
lied  into  geographical  suggestion;  but  in  all  stable  groupings  or 
continuous  movements  of  mankind  the  control  of  the  land  on  the 
people  will  surely  assert  itself.  How?  and  to  what  degree?  are  the 
questions  to  which  the  modern  geographer  must  seek  an  answer, 

A  special  danger  always  menaces  the  few  exponents  of  modes  of 
study  which  arc  not  yet  accepted  as  of  equal  worth  with  thoae  of  the 
lODg-reco^ized  sciences.  It  is  the  Nemesis  of  the  temptation  to 
adopt  a  plausible  and  probably  true  hypothesis  as  the  demonstrated 
truth,  and  to  proclaim  broad  and  attractive  generalizations  on  the 
strength  of  individual  cases.  Geographers  have,  perhaps,  fallen  iot« 
the  error  of  claiming  more  than  they  can  absolutely  prove  in  the 
effort  to  assert  their  proper  position;  but  the  fault  liea  mAinly  at 
other  doors.  In  geography  it  is  not  always  easy  to  obtain  exact 
demonstrations  or  to  apply  the  test  of  accordance  with  fact  to  aa 
attractive  hypothesis;  and  it  is  necessary  to  be  on  guard  against 
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treating  such  speculatioiie  as  if  they  were  truths.  The  methods  of 
journalisin,  even  of  the  best  jouj-nalism.  are  to  l»e  absolutely  dis- 
couraged in  Bcieiicc.  The  new  is  not  ncL-eiutarily  truer  or  better  than 
the  old  aimply  because  it  is  new,  and  we  must  remember  that  time 
alone  teste  theories.  It  is  a  iiiuif<er  to  becioirie  tixi  fxipular.  The 
scientific  Btudy  of  geography  should  be  carried  on  with  as  many 
safeffuarde  of  routine  verification,  and  patient  repetition,  and  it  may 
be  vithin  as  hiph  n  fnnre  of  technieni  tf?rminolofiy,  as,  say,  physi- 
ology, if  the  proper  results  are  to  be  obtained.  Unfortunately,  the 
idea  is  prevalent  that  geography  is  an  easy  subject,  capable  of  be- 
ing expounded  and  exhausted  in  a  few  popular  lectures.  I  regret 
to  sec  the  gruunng  tendency  amongst  teachers  of  geography  to  de- 
preeato  tbc  acquisition  of  facts,  to  shorten  and  "simplify  "  all  chains 
of  reasoning,  to  generalize  over  the  heads  of  clamant  exeeptiona.  and 
even  to  use  figures,  not  as  the  ultimate  expression  of  exact  know- 
ledge, but  merely  b»  illustratiotis  nf  relative  magnitude.  I  quite 
allow  that  all  this  may  lie  legitimate  and  laudable  in  the  early  stages 
of  elementary'  education,  but  it  should  never  poas  beyond,  and 
cver>'  vestige  of  such  a  system  of  evading  difficulties  should  be 
putged  from  the  mind  of  the  aspirant  to  research. 

The  facts  available  for  the  advancement  of  geographical  science 
are  neither  so  well  known  nor  so  easily  accesdble  as  they  should  be. 
Much  has  been  dvnr-  InwardB  the  indexing  of  the  current  literature 
of  all  sciences,  and  geography  is  peculiarly  fortunate  in  possessing 
the  exhaustive  annual  volumes  of  the  BihUotkeea  Geograpkiea.  pub- 
lished by  the  Berlin  Geographical  .Society,  the  carefully  eelecte<I 
annual  bibliography  of  the  Annaies  de  Gf'agraphiv,  the  critical  and 
systematic  chronicles  of  the  Grograpkische  Jahrbuck.  and  the  punc- 
tual monthly  lists  and  reviews  of  the  Geograpkical  Journal  and 
PeUrmanns  MiUe^ungen.  not  to  speak  of  the  work  of  the  Inierna- 
tionat  Catalogue  of  Scientific  Literature.  A  great  desideratum  is 
an  increase  in  the  number  of  critical  bibliographies  of  eppcial  sub- 
jects and  particular  regions,  prepared  so  carefully  as  to  relieve  the 
student  from  the  necessity  of  looking  up  any  paper  without  being 
Btirc  that  it  is  the  one  he  requires  to  consult,  and  to  save  him  from 
the  weary  labor  of  groping  through  many  volumes  for  fragmentary 
cltKs.  la  addition  to  the  sources  of  information  usually  catalogued 
in  one  or  other  of  the  publications  cited,  there  exist  in  every  country 
numbers  of  Government  Reports  and  quantitte.>t  of  periodical  sta- 
tistics too  valuable  to  de.<<erve  their  usual  fate  of  being  compiled, 
printed,  stored  away,  and  forsotlen.  There  is  scope  for  a  great  deal 
of  hard  hut  very  useful  and  permanently  valuable  work,  in  throw- 
ing all  thct«  open  l-o  working  geographers  by  providing  analj-tical 
indexes,  This  would  make  it  easier  to  discuss  current  Government 
statistics  with  the  highest  degree  of  preclwon,  and  to  comt>arc  past 
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with  present  distributions.  All  such  statistics  should  be  subject  (« 
a  cartographical  trc&tment  do  leis  rigidly  accurate  thau  the  ordin- 
ary arithmetical  processes. 

The  ultimate  problem  of  geography  muy  pcrimpe  be  taken  aa 
the  determination  of  the  infltienoe  of  the  surface  forms  of  the  earth 
on  the  mental  processes  of  its  inhnhitantii.    Uut  a  host  of  minor  pro- 
blems must  be  solved  in  cutting  the  steps  by  which  that  culmination 
may  l«  n^achcd.    1*1  us  first  find,  if  possible,  what  is  the  true  rela- 
tion between  the  elevation,  tdopc,  and  exposure  of  land  and  climate;  ^ 
then  the  exact  influcnceof  elevation,  elope,  soil,  expcHiurc,  and  climate  I 
on  vegetation;  then  the  relation  between  nil  these  and  agriculliirc, 
mining,  manufactures,  trade,  transport,  the  sites  of  towns,  the  polit- 
ical  associations  of  peoples,  and  the  prosperity  of  nations.   After  that  ■ 
wc  may  consider  whether  it  is  possible  to  reduce  to  ft  formula,  or 
even  to  a  pniposition,  the  relation  lictwcen  the  poetry  or  the  religion 
of  a  people  and  their  physical  surroundings.    The  chemist  Chenevix 
wrote  a  book  in  two  volumes  a  hundred  years  ago  to  demoastnU« 
the  inferiority  of  a  particular  nation,  against  one  of  whom  he  bore 
a  personal  grudge,  and  he  was  bold  enough  to  attempt  to  justify  the 
formula  C=fi.  where  C  rcpre.'iented  civilization,  i  the  latitude,  and 
/  a  function  so  delicately  adjusted  as  to  make  the  value  of  C  nega- 
tive on  one  ade  of  a  channel  twenty  mites  wide  and  positive  on  tlie 
othert   We  cannot  hope  to  arrive  by  any  BcientiGc  process  at  so  de- 
finite a  formutft,  but  the  only  way  of  getting  there  at  all  is  by  forgiDg 
the  links  in  a  chain  of  cause  and  effect  as  unbroken  as  that  which 
led  from  the  "House  that  Jock  built"  to  "the  priest  all  shai'eD  and 
shorn." 

The  last  of  the  problems  of  geography  on  whlcii  I  intend  to  touch 
is  that  of  (ho  training  of  geographers.  So  far  as  clementar>-  instiue- 
tion  in  geography  is  concerned,  I  have  nothing  to  say.  except  that  it 
was  bad.  it  is  better,  and  it  sooms  likely  that  it  will  be  very*  good. 
But  between  geography  as  port  of  the  education  of  a  child  and  geo- 
graphy as  the  whole  life-work  of  a  man  there  is  a  gulf  as  wide  as  ihat 
between  nursery  rhymes  and  the  plays  of  Shakespeare.  The  train- 
ing of  an  elementar>'  teacher  in  geography  should  be  more  thorough 
and  more  advanced  than  that  of  a  child,  but  it  need  not  be  of  a  dlf- 
ferent  order.  Tiio  teacher,  whose  special  function  is  tcaehing,  must, 
like  the  child,  accept  the  fads  of  geography  from  the  authorities 
who  are  responsible  for  them.  Although  the  two  gifts  are  sometimes 
happily  combined,  an  excellent  teacher  may  make  but  a  poor  in- 
vestigator. 

A  would-be  geographer  has  at  preeent  adequate  scope  for  training 
in  very  few  universities  outside  Germany  and  Austria.  Great  ad- 
vances have  been  made  in  the  United  States,  but  i(  is  only  here  and 
there  amongst  the  univendtiee  that  steps  have  been  token  to  secure 
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men  of  the  first  rank  as  professors,  who  are  not  only  channels  of 
instruction,  but  maslcmof  rcscnreli  s£  well.  In  the  United  Kingdom 
there  are  Ici-turors  on  gcogrnphy  at  several  univcrBities  and  many 
colleges;  and.  although  they  have  done  good  work,  the  ^stem 
adopted  fails,  in  my  opinion,  on  a  practical  point,  —  the  lecturers 
arc  so  inadequately  paid  that  they  cannot  afford  to  give  their  whole 
time  or  their  undivided  attention  to  the  subject  with  %-hich  they 
are  charged.  In  such  conditions  progress  cannot  be  rapid,  and 
research  is  almost  impossible.  The  al>senee  of  any  woU-paid  pogls, 
by  attaining  which  a  geographer  would  be  plac-ed  in  a  position 
equivalent  to  that  of  a  successful  chemist  or  mathematician  or 
botanist,  kills  ambition.  The  man  with  his  income  to  make  cannot 
afford  to  give  himaelf  wholly  to  euch  a  study,  however  great  his 
predilection  for  it.  The  man  with  as  munh  niauoy  as  he  needs  rarely 
chooses"  to  anorn  delights  and  live  laborious  days;"  and  —  wilhsome 
bright  exceptions  —  he  has  a  tendency,  when  he  turns  to  stionce  at 
all.  to  study  it  rather  for  his  own  satisfaction  tlian  for  the  advance 
of  the  subject  or  the  help  of  his  fellows.  We  want  some  adequate 
inducement  for  solid  scientific  workers,  well  trained  in  general 
culture,  and  fitted  to  come  to  the  front  in  any  path  they  may  select; 
U>  devote  their  whole  attention  —  and  (he  whole  attention  of  such 
men  is  a  tremendous  engine  —  to  the  problenw  of  geography.  The 
laborer  is  worthy  of  his  hire,  and  the  services  of  the  most  capable 
men  cannot  reasonably  be  c.\pected  if  remuneration  equivalent  to 
that  o^ored  to  men  of  equal  competence  in  other  subjects  is  not 
available.  At  a  few  American  and  aevcral  German  universities  such 
men  can  receive  instruction  from  professors  who  are  masters  of  the 
science,  free  to  undertake  renearrh  themselves,  and  to  initiate  their 
students  into  the  methnd.s  of  rciwitrch,  —  the  bust  training  of  all. 
If  the  time  should  cume  when  there  are,  perhup.'t,  a  doeen  highly 
paid  professorships  in  Kugliah-speakiug  countries,  several  do<en 
aspirants  will  be  found,  including,  we  may  hope,  a  few  more  gifted 
than  their  ma-slers,  all  qiialifying  for  the  positions,  stimulated  by 
rivalry,  and  full  of  the  promise  of  progress.  This  in  not  an  end,  but 
the  mcann  to  an  end.  Rapid  progress  is  impossible  without  the 
stimulus  of  the  intercourse  of  keenly  intercstctl  and  equally  in- 
structed mind«.  Geogruphy,  like  other  sciences,  has  to  fight  its  way 
through  battles  of  controversy,  and  smooth  its  path  by  wise  com- 
promises and  judicious  concessions,  before  its  essential  theory  can 
be  established  and  universally  accepted.  We  can  alre-ady  see,  though 
somewhat  dimly,  the  great  principles  on  which  it  depends,  and  they 
arc  becoming  clearer  year  by  year.  As  they  are  being  recognized,  they 
may  be  applied  in  a  provisional  way  to  current  problems  of  practical 
life.  The  world  is  not  yet  so  fully  dominated  by  the  highest  ci%'iliza- 
lion,  nor  8o  oomplctely  settled,  aa  to  deprive  geographers  of  an 
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opportunity  of  afaowing  how  the  aettleiiaent  and  deretopment  of 
new  lands  can  best  be  carried  out  in  the  light  of  the  pennaneDt 
relationBhipfl  between  land  and  people  diBCOvered  by  the  study  of 
the  Btate  of  matters  of  long-eettled  areas  at  the  {neaent  day  and 
in  the  past.' 

The  pnwtieal  politician,  unfortunately,  thinks  little  of  geographical 
principles,  uid  hitherto  he  has  usually  n^eoted  them  utteriy. 
Many  burning  questions  that  have  distiu-bed  the  good  rdations  and 
retarded  the  progreas  of  nations,  even  when  they  did  not  burst  into 
the  conflagration  of  war,  would  never  have  got  alight  had  the  coo- 
■equenees  of  some  apparently  trifling  n^eot,  or  some  careless  action, 
been  und^stood  beforehand  as  clearly  by  the  man  of  affaire  as  by 
the  student  of  geographical  principles.  Perhaps,  when  geograidiy 
has  obtained  the  status  in  the  worid  of  learning  to  which  its  ideals 
and  achievements  entitle  it,  the  geographer  may  even  be  invited, 
when  the  occasion  demands,  to  assist  by  his  advice  in  saving  his 
country  from  extravagance  or  disaster. 

■  For  B  devdopmeot  of  this  mumBtioo  see  the  autbtw'B  Nme  LamiM,  Londu, 
Chsriea  Qriffln,  iSmT 
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[Henry  Yule  OUham.  Ttcadn'  in  Geography,  CambridKc  Ifnivemty.  b.  DOanl- 
(ldrf,C«^riiitti.v.  lSfi2,  HA.  ()^f^.n^,  IKSft;  M,  \  ihiJ  1*»;  M.A.  Cambridgo, 
189*.  Poat-Kradmitc.  Piirirt  Univi-w.ty.  IHSH;  liprlin  UnivCTwity,  189l-02j  Leo- 
turvr  ill  GL-oKrapliv.  Owtae  Ckillogo.  Uiuiclifsltrr.  1802;  ihid.  C«inbnd«u  I  aivcr- 
wlv,  ISftS-OS,  Fellow  of  till-  UoyiilGi-ograpliitulSoci&lv.  Avthorot  Cmgra^h^, 
Atnij  and  Pnuiiet  of  Ttoeking;'  Dinewery  of  llu  Cape  Verdt  Jtianda,  von  KiehJ- 
hojm  yrMltehrift.] 

Thebe  is  A  factor  involved  in  the  consideratioa  of  many  geo- 
graphicAl  problems  uhicli  is  too  commonly  overlooked.  That  fat^tor  ia 
the  element-  of  time.  Familiarity  tempers  human  judgment,  and  the 
cOBstsnt  obtrusion  of  the  more  obvious  naturally  induces  oblivion 
with  respect  to  the  remoter  aapects  of  a  case. 

The  New  World  looms  so  larfje  in  modem  life  that  it  is  difficult 
to  remember  that  till  comparatively  recent  times  in  the  history  of 
miuikind  it  wm  practically  non-existent. 

Ever  since  there  has  beer  an  atmosphere  surrounding  the  globe, 
there  have  probably  been  steady  easterly  wlndii  in  the  tropical 
regionB,  with  stronger  but  lesH  regular  wetiterty  ones  in  the  temperate 
dimes.  Tlie  sea,  in  essence  u  va-it  body  of  cold  water,  with  a  shallow 
upper  layer  of  warm,  in  obedience  to  the  working  of  the  vvinda 
■hows  a  tendency  in  the  tropics  to  a  heaping-up  of  the  warm  surface 
water  on  the  eastern  sidci  of  continents  towards  which  the  winds 
blow,  with  an  upwelling  of  the  colder  lower  layers  on  the  western 
(tides,  where  the  wind  blows  off  the  shore;  while  in  the  l«mi>erate 
zones,  whcfp  the  winds  arc  reversed,  the  positions  of  warm  and  cold 
water  are  naturally  al«o  reversed. 

The  temperature  of  the  t»ca  has  a  marked  effect  ou  the  life  of 
the  organisms  which  dwell  in  it,  while  its  influence  on  the  atmo- 
sphere above  produces  notable  climatic  effecte  on  the  land.  Thus 
the  warmer  water  on  the  eastern  shores  in  the  tropins  conduces  to 
the  growth  of  coral  reefs,  which  are  as  markedly  present  on  the  east- 
em  coasts  of  Australia,  Africa,  and  .America,  as  they  are  conspicuous 
by  their  absence  from  the  western.  Similarly  the  rontrast  in  the 
temperate  zone,  between  the  warm,  moist  climate  of  British  Colum- 
bia and  the  frozen  wastes  of  Labrador,  is  no  less  striking  than  the 
diCTercnce  between  the  climates  of  western  Europe  and  eastern 
Siberia. 

Were  there  any  new  continents  to  lie  discovered,  one  could  predict 
that  their  western  shores  would  be  warm  and  wet  in  temperate 
regions,  their  e&atera  ones  in  the  tropics. 

These  are  aome  of  the  salient  and  constant  factors  in  geography. 
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Such  Also  are  the  distribution  of  land  and  water,  the  configuralioa 
of  the  continent?,  their  streams  and  mountains,  their  valle3*8  and 
plains,  which  have  changed  but  little  in  historical  times;  but  fa- 
miliarity with  these  featureg  lends  la  forgetful ness  of  Ihe  fact  that, 
like  actors  on  a  stage,  their  appearance  in  the  theatre  of  biKtory  has 
been  gradual,  and  that,  though  their  actual  positions  have  remained 
unchanged,  their  relative  positions  have  varied  through  the  ages, 
and  moreover  that  they  are  often  deetinetl  to  play  more  parts  than 
one. 

A  9ca  like  the  Mediterranean  may  at  one  lime  be  the  centre  of 
comnieri'ial  at-tivity,  and  then  become  a  backwater,  while  commerce 
Btreame  along  an  ocean  route  round  Africa.  A  few  ceoluries  pas, 
and  the  cultiiLg  of  the  Suez  Canal,  coupled  with  the  development 
of  steam  navigation,  restores  it  to  it-s  ancient  and  Imnorabic  estate 
U8  a  highway  of  communication  with  ihe  Kast.  and  the  great  cities 
on  its  shores,  like  Venice  and  Genoa,  after  a  long  period  of  decay, 
begin  to  resume  (heir  pristine  \ig«r. 

Sinre  long  before  the  beginning  of  hnmnn  life,  stores  of  gold  and 
coal  and  other  minerals  have  lain  in  the  liosom  of  the  earth;  but 
flieir  development  as  the  sites  of  great  centres  of  population  has  in 
moftt  rtt^ea  been  CKBentialiy  linked  with  the  clement  of  time.  The 
rapid  growth  of  Johannesburg  into  the  position  of  the  hirgeat  city  of 
South  Africa  would  have  been  as  imposstible  without  the  recent  dis- 
covery of  the  cyanide  process,  as  was  the  development  of  the  great 
poal-ticlds  —  the  most  striking  factor  in  the  shifting  of  great  manes 
of  population  in  modem  times  —  until  the  invention  of  the  applica- 
tion of  steam  power  to  machinery, 

Tlie  great  forces  of  nature  show  little  tendency  to  rhange  and  may 
be  usefully  applied  to  the  elucidation  of  many  geographical  problema, 
as  for  example  in  the  case  of  the  early  voyages  round  the  Cape  of 
Good  Hope.  Bartholomew  Dias,  the  first  diacoverar  of  the  cape, 
encountering  adverse  westerly  winds  on  his  return  voyage,  must  as 
assuredly  have  been  there  in  our  northern  summer  months,  when  the 
shifting  of  the  trade-wind  system  brings  ihe  cape  into  the  influeoce  of 
the  westerly  winds,  a^  was  Vasco  da  <iama  there  in  our  winter  months, 
when  easterly  gales  prevail,  .Similarly  the  voyage  of  Odysseus  may  be 
largely  elucidated  with  the  help  of  a  modern  manual  of  sailing  direc- 
tions for  the  Mediterranean.  But  it  is  into  the  fluctuating  fortunes 
of  individual  distnc ts  that  the  time-factor  chiefly  enters  and  demands 
a  nice  discrimination  between  the  meaning  oi  actual  and  relatJi*e 
geographical  position. 

Potentiality  precedes  performance.  An  island  may  be  long  th( 
home  of  a  hardy  race  of  niarinors  before  a  field  adequate  to  the  display 
of  their  abilities  is  unveiled.  The  sito  of  a  great  city  may  seem  to  have 
l>een  predestined  for  centuries,  before  the  opportunity  for  its  develop- 
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meat  arises.  Just  as  the  obstacle  presented  by  tbe  lack  of  light  in  the 
short  winter  days  of  northern  latitudes  lius  been  ovorcomu  by  the 
invention  of  modem  artificial  illuraiimntB,  so  the  prcseut  barrier  of 
unhealthineHs  to  the  development  of  the  tropics  may  be  removed  by 
the  dificoveriGd  of  niedipal  spienoe.  A  place  of  liUHin(H»  on  the  out- 
flkjrts  of  ft  city  is  al  a  great  disadvantage  compared  with  one  Nitiiated 
in  the  centre,  but  the  exparisinn  of  the  town  may  in  couruc  of  time  com- 
pletely reverse  their  relative  positionu,  without  the  anallcst  variation 
in  their  actual  sices  bein^  made. 

An  interesting  example  on  a  small  scale  is  presented  by  the  for- 
tunes of  a  famous  KnjitiKli  school.  In  the  reiRn  of  Queen  Klizabeth, 
a  Warwicktihire  lad,  liBiirenre  Sheriffe  by  name,  left  his  boyhood's 
home  at  Rugby  to  win  fame  and  fortune  in  London.  Mlndfid  of  his 
early  ilay»,  and  wishful  to  help  succeeding  KC'i'Tatinnn,  he  Irft  by  will 
two  fields  in  the  ucishborhood  of  llugby.  to  provide  the  means  for 
obtaining  the  ud  of,  if  possible,  a  Master  of  Arts  to  teach  the  boys  of 
his  native  town.  Uy  a  fortunate  inspiration,  in  a  codicil  to  hia  will,  two 
fields  in  the  neighborhood  of  London  were  substituted  for  the  original 
pair  in  the  neighborhood  of  Rugby.  At  the  time  the  two  portions  of 
land  were  probably  of  nearly  equal  value,  but,  though  thdr  actual 
'position  has  never  changed,  thctr  relative  positionu  have  undergone 
a  revolution.  The  two  fields  near  Rugby  remain  two  country  fields  of 
little  worth;  tbe  two  near  London  in  the  reign  of  Queen  Elizabeth  are 
now  in  the  heart  of  the  great  metropolis,  and  produce  a  princely 
revenue,  on  which  the  fortunes  of  the  school  at  Rugby  have  been 
raised. 

An  example  on  a  larger  scale  is  offered  by  the  history  of  England. 
It  is  a  truism,  often  repeated,  that  the  British  Islands  lie  almost  in 
the  centre  of  the  land-masses  of  ihe  globe,  an  unrivaled  position  for 
wide-reaching  empire  and  dominion.  But  this  relative  position  tsonly 
one  of  recent  growth.  Five  hundred  years  ago.  a  short  period  in  the 
history  of  man.  England  was  in  a  position  of  isolation  on  tlie  very 
out-skirts  of  the  then  known  world.  Shut  in  by  the  pathless  barrier  of 
the  Atlantic  on  the  west,  and  the  untrodden  wastes  of  Africa  in  the 
south,  the  only  outlook  of  Europe  was  towards  the  east.  Then  was 
the  Mediterranean,  as  Us  name  implies,  literally  in  the  centre  of  the 
p«arth.  the  great  scene  of  maritime  activity.  The  principal  nautical 
charts  of  the  early  fLft«eDth  century,  the  Italian  portoUini.  admirably 
reQect  this  state  of  affairs.  The  major  part  of  the  map  is  occupied  by 
(he  Mediterranean,  whose  shores  are  studded  with  ports:  a  few  of 
these  on  the  west  of  .Africa  aa  far  as  the  latitude  of  the  Canaries,  and 
neveral  on  the  west  of  Europe  as  far  as  Flanders,  indicate  the  limits  of 
ordinar>'  navigation.  England,  with  only  a  few  |3orts.  chiefly  on  the 
iouth  coast,  is  in  the  extreme  corner  of  the  map,  separated  by  a  long 
hnd  haiardous  sea-voyage  from  the  great  centre  of  activity.    Under 
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such  condiUons  the  central  situation  of  Italy  gave  it  n.  predominant 
position,  nnd  Venice  and  Genoa,  became  the  natural  foci  of  coni- 
mercial  power. 

It  was  only  natural,  also,  that  Italy  should  prove  the  birthplace  of 
(he  great  pioneers  of  geographical  exploration.  From  Venice  came 
Marco  Polo,  the  great  explorer  of  Cathay,  who  first  to  Western  eyes 
unveiled  the  wooders  of  the  East,  and  through  whom  Venice  learned 
"to  hold  the  trejisurea  of  the  gorgeous  East  in  foe;"  from  Genoa, 
Cohitnbus,  the  pioneer  of  Western  exploration,  who  sought,  but  failed, 
to  find  a  western  route  to  the  Indies,  and  in  hia  failure  won  a  greater 
fame  by  the  revelation  of  the  road  to  a  new  and  unsuspected  world; 
while  Florence  saw  the  birth  of  Amerigo  Vespucci,  the  scholarly  ex- 
plorer, who  first  rcftliBcd  that  this  new  world  was  totally  distinct  from 
Aula,  and  ao  led  to  hJs  name  being  inseparably  linked  with  it.  Cada- 
moHto  of  Venice,  sometimca  culled  the  Marco  Polo  of  Wogt  Africa,  the 
Cabots  and  Verraisano.  pioneers  of  Western  exploration  for  Kngland 
and  France,  were  likewise  Italians. 

The  trade  with  the  East,  the  home  of  silks  and  spicca,  —  some  once 
almost  worth  their  weight  in  gold,  — was  till  recent  times  the  prize  of 
the  world's  commerce.  It  was  the  fertiliring  streamB  of  Eaatem 
commerce,  pouring  into  the  Mediterranean  by  various  routes,  but 
mainly  up  the  Red  Sea,  uhich  nourished  Genoa  and  Venice.  But 
grmlunlly  round  the  Levantine  shores  there  spread,  eventually  from 
Cairo  to  Constantinople,  the  Turks,  an  alien  race  of  alien  rcHgion; 
and  Turkish  dues,  exacted  an  the  inevitable  land  transit  across 
Egypt  from  the  Hed  Sea,  proved  a  serious  and  increasing  charge  on 
the  profits  of  thi.i  cnmmerce. 

In  the  latter  part  of  the  fifteenth  century  a  merchant  of  Ven- 
ice, writing  to  the  King  of  Portugal,  said  that  the  greate.'?t  trade  of 
Venice  was  with  India,  whirh  came  by  way  of  Alexandria,  whence 
the  Turk  derived  great  profit;  he  could  not  say  where  India  was, 
but  it  was  an  affair  for  a  great  prince  to  undertake  to  find  it,  for 
if  successful  he  would  be  exalted  in  riches  and  grandeur  above  all 
others. 

Thenecessity  of  finding  an  ocean  highway  to  the  East,  which  would 
obviate  the  need  of  any  land-break,  with  all  its  consequent  expensn, 
had,  however,  been  anticipated  at  an  earlier  period.  The  natural  direc- 
tion in  which  t-o  seek  mich  a  route  was  round  Africa.  No  one  knew 
whether  this  were  possible,  or  even  if  Africa  had  a  southern  end.  but 
it  was  probable,  and,  indeed,  the  impartial  record  of  an  incredulous 
historian,  Herodotus,  had  handed  down  the  tradition  of  a  Phenician 
circumnavigation  of  the  continent  six  hundred  years  before  the 
beginning  of  the  Christian  Era. 

For  the  quest  of  a  route  round  Africa,  the  relative  portion  of  the 
Iberian  Peninsula  at  the  time  foreshadowed  the  preeminence  of  Spain 
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or  FortugE^,  That  the  initiutivc  runic  from  Porltigal  wiu  partly  due 
to  the  fact  that  that  country  had  freed  iteeif  from  th*  Moora.  before 
the  Chrigtmn  rw  oriquest  of  Spain  was  ei»Dpl«tc,  but  chiefly  to  the  birth 
of  one  of  those  remarkable  personalities  that  leave  a  pernianent 
mark  on  tho  hi^ttory  of  mankind. 

In  A.  V.  1415,  when  just  of  age.  Prince  Henrj-  of  Portugal,  third 
surviving  HOn  or  the  reigning  king,  distinguished  himself  so  preemin- 
ently at  the  capture  of  Ceuta  that  he  was  offered  the  dignity  of 
knighthood  before  his  older  brotherB,  an  added  honor  which  he 
modestly  declined.  The  fame  of  hia  attainments  brought  brilliant 
offers  from  other  countries,  but  all  were  refuged.  Accepting  the 
governorship  of  the  southeni  province  of  his  native  land,  he  settled 
atSagres  near  Cape  i^t.  Vincent,  and  practically  devoted  the  rest  of  his 
We  to  one  great  idea,  —  the  unveiling  of  the  coast  of  Africa,  in  jmrau- 
ance  of  the  search  for  an  ocean  highway  to  the  East.  It  is  not  easy 
to  realize  the  difficulties  that  checked  the  work:  the  terrors  of  the 
unknown,  the  superstitions  of  liis  sailors,  which  long  prevented  their 
penetrating  beyond  (he  latitude  of  the  Canaries,  then  the  farthest 
limit  known  along  the  western  coast  of  Africa.  Hia  indomitable  per- 
sistence, however,  prevailed.  Gradually  the  iuhospitAble  edge  uf  the 
Sahara  wa«  passed,  and  the  rich  region  of  Senegambia  discovered,  so 
that,  ere  his  death  in  1460,  Ca[ie  Verde,  the  wastemmoBt  point  of  the 
continent,  had  been  rounded,  and  a  dintrict  a  little  beyond  the  Gambia 
reached,  while  the  Island  groujM  of  the  Madeiras,  the  .Azores,  and  the 
Cape  Verdea  had  been  added  to  his  countr>''»  dominions. 

Compared  with  the  long  stretch  of  the  African  coasta,  thi»  may 
eeem  but  a  small  achievement,  but  in  itwlf  is  an  indication  o{  the 
initial  dilficulties  to  l)e  overcome. 

The  firKt  step  had  been  taken;  the  rest  was  comparatively  easy. 
As  an  example  of  the  far-reaching  design.^  r>f  Prince  Ilenr}-,  it  might 
be  noted  that  at  an  curly  5tugc  he  obtained  from  Rome  Papal  bulls 
granting  to  Portugal  all  countries  found,  not  in  tho  postw'fwinn  of 
ft  Christian  monarch,  uaque  ad  Indot.  And  so,  after  his  death,  tho 
qupFt  for  the  Indies  was  reaumed,  and  gradually  the  long  cAstcm 
trend  of  the  Guinea  Coast  explored,  and  then  tho  still  longer  southern 
stretch,  until,  after  a  little  more  than  twenty-five  years  had  elapsed, 
an  end  to  Africa  wa.s  found,  and  a  cApe  hard-by  happily  named  the 
Cape  of  Good  Hope.  The  way  seemed  clear,  and  ten  yeajs  later  was 
proved  to  be  so,  when  the  gallant  Vasco  da  Gama  led  the  first  expedi- 
tion along  a  continuous  ocean  highway  from  Europe  to  India. 

The  first  shot  fired  by  the  Portuguese  on  the  Malabar  Coast  of 
India  was  the  signal  for  the  downfall  of  the  commercial  supremacy 
of  Venice,  and  for  thiee  and  a  half  centuries  the  great  trade  with  the 
East  was  diverted,  for  some  tim^  to  the  exclusive  benefit  of  Portugal, 
from  its  normal  and  ancient  route  up  the  Red  Sea  into  a  new  Atlantic 
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path,  until  the  old  order  was  restored  by  the  cutting  of  the  Suez 
Caual. 

The  contury-long  qucat  of  the  Portuguese  to  fiad  this  way  round 
Africn  was  not  likely  to  pass  without  some  rival  routes  being  advo- 
cated, and  one  there  was  which  had  a  elaesic  flavor. 

To  reach  the  East  by  sailing  west  was  a  natural  corollary  to  the 
demonstration  that  the  world  was  globular.  Many  of  the  Greek 
geographers  had  spoken  of  it.  and  though  the  famous  Eratosthenes  — 
who  io  the  tbird  ceiitur>'  D.  c.  had  measured  the  size  of  the  earth  with 
greater  accuracy  than  any  one  attained  to  until  quite  modern  times  — 
had  dismissed  the  scheme  a^  impracticable  owing  to  the  ejctent  of 
intervening  ocean,  the  later  Ptolemy,  with  restricted  Ideas  as-to  tbe 
aixe  of  the  earth  and  exaggerated  notions  of  the  extent  of  Asia,  made 
it  appear  but  a  short  voyage  from  the  west  of  Europe  westward  to 
the  east  of  Asia.  This  scheme,  first  mooted  about  the  middle  of  the 
fifteenth  century  by  Paul  Toscanelli,  an  astronomer  of  Florence,  won 
little  sympathy  from  the  Portuguese,  who  were  rightly  commilted  to 
the  African  route,  but  found  an  ardent  advocate  In  Columbus. 

After  long  waiting,  in  1492,  the  consolidation  of  Spain,  accomplished 
by  the  eviction  of  the  Moors  from  their  last  stronghold  in  Granada, 
gave  Columbus  his  opportunity,  and  in  the  service  of  Spain,  the 
second  of  the  two  countries  occupying  the  favorably  situated  Iberian 
Peninsula,  he  set  "ut  on  his  fnmoiis  voyage,  as  the  pioneer  of  West- 
em  exploration.  .A,  short  voyage  of  less  than  five  weeks  from  the 
Canarips,  helped  by  the  favoring  tradR-winds,  revealed  land,  where 
land  was  anticipated.  Asia  had  apparently  been  reached  at  the  firsi 
attempt,  by  the  easiest  of  voyages,  and  the  name  West  Indies  per- 
petuates the  bliiiiiErr  in  thii.^  day. 

Other  voyages  quickly  followed,  and  prcaently  the  great  wonder 
of  a  new  and  unsuspected  world  was  revealed,  lying  like  a  great 
barrier  to  the  immediate  object  of  the  Western  quest,  but  instincl 
with  the  greatest  possibilities.  A  new  rout*  to  an  old  world  had  not 
been  found,  but  the  path  to  a  vast  new  continent,  hitherto  undreamed 
of,  had  been  laid  bare. 

Twenty  years  after  Columbus's  first  voyage,  the  sea  that  lay  be- 
yond the  New  World  was  first  beheld  by  Nunea  de  Balboa, 

"  Whrn  witli  vnger  eyw 
He  Btw'd  at  the  Paeific.  and  all  hia  men 
Look'd  at  each  otlior  i^ith  a  wiM  minaise  — 
SitMit.  Uixji)  a  fttisik.  in  Darien." 

But  for  all  Keats's  fine  imagination,  the  marvel  of  the  Pacific  wae 
as  unsuspected  as  had  been  the  existence  of  the  New  World.  America 
was  supposed  to  lie  close  up  to  Asia  and  only  separated  from  il  by 
a  narrow  sea. 

It  was  nearly  ten  years  later  that  Magellan,  a  native  of  Portugal 
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in  the  service  of  Hp&in,  found  a  passoftc  through  the  struts  which 

;  bear  his  name,  at  the  southern  end  of  the  barrier  continent,  and, 

'  after  a  voyage  of  unrivaled  dilhculties,  revealed  the  vast  extent  of 

the  Pacific  Ocean,  which  covers  nearly  half  the  whole  surface  of  the 

globe.  In  this  notable  voyage.  —  the  moat  notable,  as  a  cnnttmiporarv 

chronicler  quaintly  remarks,  ainoe  that  of  the  patriarch  Nuah.  —  the 

I  But  Indies,  where  the  leader  lost  hie  life,  were  reached  by  a  western 

route,  while  one  ship  out  of  five  completed  the  cireuraravigation  of 

the  globe  with  a  liftudful  of  men,  who  on  their  return  crawled  as 

humble  penitents  in  sackcloth  and  ashes  through  the  streets  of 

Seville,  because,  having  unconsciously  lost  a  day  in  the  voyage,  they 

found  that  they  had  been  keeping  the  fasts  and  festivals  of  their 

Church  on  the  'nTong  dates. 

With  the  unveiling  of  the  Atlantic  in  the  fifteenth  century,  —  the 
conversion  of  what  had  been  a  pathless  barrier  into  a  great  field  for 
maritime  activity, — a  new  era  begins,  the  medieval  Mediterranean 
epoch  closes,  and  the  modern  oceanic  period  succeeds.  The  relative 
value  of  the  position  of  the  Iberian  Peninsula  for  carrying  out  this 
great  work  was  so  preeminent  that  for  some  time  Portugal  and 
Spain  were  8ufTere<l  to  proceed  unrivaled  and  unchecked.  Indeed, 
by  mutual  agreement,  a  line  of  dt-marUatiou  was  drawn  from  north 
to  mmth,  about  throiigh  the  mouth  of  the  Amazon,  by  wJiich  the 
whole  undiscovered  portions  of  tht-  world  were  divided  into  two 
hemispheres,  an  eojttern  one  for  Portugal,  a  western  one  for  Spain. 
But  the  very  success  which  had  licen  won  wrought  a  revolution  in 
the  relative  positions  of  the  other  lands  in  western  Kurope.  England 
and  France  were  equally  wel!  placed  for  undertaking  western  voyages. 
It  was  the  King  of  France  who,  in  the  sixteenth  eenturj-,  is  said 
to  have  ironically  invited  Portugal  and  Spain  t«  produce  the  will 
of  our  father  Adam  which  constituted  them  his  sole  heirH.  It  -was 
England,  however,  which  mainly  profiled  by  the  great  change.  Our 
island  race  of  bold  and  skillful  navigators  had  been  only  waiting  for 
the  opportunity  of  a  field  adequate  to  the  display  of  latent  powers. 
The  time  had  come,  and  with  the  reign  of  Queen  Elizabeth  in  the 
second  half  of  the  sixteenth  century  begins  the  expansion  of  England. 
Sir  John  Hawkins  woa  one  of  the  first  to  dispute  the  exclusive 
right  of  Kpain  to  traffic  with  the  West  Indies.  Sir  Franria  Drake, 
the  first  to  rival  Magellan  as  a  circimmavigator  of  the  globe,  was 
the  most  brilliant  leader  in  the  long  alrugglo  for  the  mastery  of  the 
eea  which  led  up  to  the  great  tragedy  of  the  Spanish  Armada.  Sir 
Walter  Ralegh,  no  less  an  organirer  of  exploration  than  an  explorer 
himself,  by  his  attempts  to  colonize  Virginia  laid  the  foundation  for 
the  Anglo-Saxon  dominion  of  North  America. 

Ralegh,  Drake,  and  Hawkins,  with  most  of  their  aesociatea,  were 
all  Devon  men,  and  this  was  only  to  be  expected,  for  the  position 
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of  Devon  at  the  southwest  corner  of  the  land  beara  the  same  relation 
to  ihe  r«s(  of  lijigland  rs  in  the  earlier  work  the  Iberiau  Peniiuiib 
bore  Lo  the  rest  of  Europe,  giving  the  Devon  men' for  the  times 
poaitive  advanla^  in  the  voyages  uniiertaken  to  the  famous  cry  of 
Westward.  Hoi  The  period  of  iheir  activity  is  ever  rwalled  by  the 
happy  rhyme,  which  coupleit  the  dashing  Drake  with  the  famoui 
Virgin  Queen  — 

"OhI  Nature,  lo  old  England  still 
CoDtiniii>  th^twi  mUlattw; 
Still  Kivu  iw  for  uur  Kiiif^  "uch  Queeiu*, 
And  for  our  Dux  euch  Draki'a." 

It  waa  an  CngUsh  merchant,  resident  in  Spain,  who  first  mi^- 
fccstcd  tlrnt,  if  feasible,  a  polar  passa|3;c  to  Cathay  would  prove  the 
shortest  route,  shorter  than  cither  the  Portuf^esc  path  round  AXricji 
or  the  Spanish  one  across  the  Pacific,  and  that  England  was  most 
favorably  placed  for  undertaking  the  attempt  to  find  one. 

Attempts  were  accordingly  made  to  discover  a  northeast  passage, 
but  80on  a  rival  wa«  found  in  the  Dutch,  who  were  equally  well 
placed  for  such  an  undertaking.  That  the  passage  should  eventuslly 
be  completed  long  afterwards  by  Swedeu  is  appropriate,  when  the 
position  of  that  country  is  remembered. 

It  is,  however,  rather  with  the  long  search  for  a  Dorlhwest  pama^ 
that  our  countrymen  are  associated.  From  the  time  of  8ir  Martin 
FrobisLer.  the  Columbus  of  the  scheme.  Davis  of  the  Strait*,  and 
Baffin  of  the  Bay,  their  names  have  been  wTitteo  largely  on  the 
map  of  North  America,  until  the  last  link  was  forged  with  the  life 
of  Sir  John  Franklin. 

When  once  Kugland  had  ceajted  to  lie  on  the  outskirts  of  the 
known  world,  and  had  by  the  course  of  cvcnta  become  the  centre 
of  the  luod-masscs  of  the  glol>e,  the  path  was  clear  to  Kupremao' 
in  maritime  uffatrs.  That  the  brilliant  achievements  of  the  aixtccntti 
century  were  not  continued  in  the  seventeenth  was  due  to  intcnul 
political  conditions.  A  century  that  saw  the  unliappy  introduction 
of  the  Stuart  dynanty,  and  ita  collapse  after  nil  the  horrors  of  civil 
war,  was  not  favorable  to  external  development-  A  period  of  in- 
Icmal  commotion  ia  not  adapted  to  external  activity.  Consequently, 
it  is  rather  with  the  Dutnh  that  the  honont  of  exploration  in  the 
aevcntcenth  century  must  rest.  Boldly  disputing  the  monopoly  of 
the  Cape  route  to  the  East  Indies,  they  obtained  a  footing  among 
those  i.«]and.>«.  and  from  that  vantage-point  prosecuted  the  UDveiliDg 
of  the  great  adjacent  continent  of  Australia. 

Unfortunately  the  re^on  of  New  Holland,  as  they  called  it> 
which  was  first  dimrovcrcd,  was  mainly  the  arid  western  parte,  and 
even  when  the  continent  was  circumna\'igated  by  Tasman,  the 
fwtUe  eastern  coast  was  entirely  missed.    Hence,  for  the  Dutch, 
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Australia  remained  a  t^oq  of  possible  future  colonizatioD,  rather 
than  one  to  be  readily  exploited. 

A  whole  century  was  destined  to  pass  before  the  fertile  eastern 
shore  was  to  be  revealed,  and  then  by  a  sailor  of  another  nation,  the 
English  Captain  Cook,  who,  after  sailing  in  and  out  round  the  islands 
of  New  Zealand,  of  which  Tasman  had  only  seen  a  fragment,  ex- 
plored the  whole  of  the  east  of  Australia,  and  so  opened  the  road 
to  its  colonization  by  a  different  nation  from  the  Dutch. 

The  name  of  Captain  Cook  serves  as  a  reminder  that  the  eighteenth 
century  saw  a  revival  of  maritime  activity  in  England.  It  is  with 
the  great  Pacific  Ocean  that  his  name  is  inseparably  connected; 
east  and  west,  north  and  south  he  penetrated  to  its  utmost  limits, 
reveahng  much  of  its  wealth  of  islands,  and  finally  sinking  to  rest  in 
its  waters,  slain,  like  his  great  predecessor  Magellan,  in  a  petty 
skirmish,  while  endeavoring  to  protect  his  men. 

Cook  was  the  last  of  the  great  oceanic  explorers.  After  him  sail- 
ors were  left,  like  Alexander,  sighing  for  new  worlds  to  conquer. 

The  nineteenth  century,  save  for  attempts  to  penetrate  the  polar 
fastnesses,  has  been  mainly  concerned  with  the  exploration  of  the 
Interior  of  continents,  in  which  representatives  of  many  nations 
have  been  engaged,  for  none  have  had  special  advantages  of  position. 

The  development  of  steam  navigation  has  largely  served  to  anni- 
hilate distance,  and  has  destroyed  much  of  the  relative  value  of 
position,  which  gave  some  countries  an  advantage  in  earlier  times, 
under  other  conditions. 

One  interesting  result  has  been  a  revival  of  the  early  Italian 
eminence  in  exploration,  the  Duke  of  the  Abruzzi's  expedition  hav- 
ing penetrated  to  the  "Farthest  North"  yet  reached,  while  in  the 
recent  attack  on  the  Antarctic  there  has  been  a  striking  combina- 
tion among  a  large  number  of  countries. 

Finally,  the  fact  that  the  great  Universal  Exposition  is  held  this 
year  at  St.  Louis,  where  we  are  assembled,  in  the  heart  of  North 
America,  suggests  a  reflection  on  a  change  in  relative  position,  which 
has  affected  many  districts  at  different  epochs,  owing  to  a  tendency 
for  the  spread  of  civilization  to  follow  the  course  of  the  sun  in  its 
westerly  path, — as  Wordsworth  puts  it,  "Stepping  westward  seem 
to  be  a  kind  of  heavenly  destiny."  To  the  Assyrians  of  old,  Eu- 
rope itself  was  the  West  —  Ereb  ;  Moorish  names  in  Portugal  and 
Morocco  represent  the  West  of  a  later  period,  while  Cape  Finisterre 
similarly  records  the  limit  of  the  land.  In  the  New  World,  the  same 
phenomenon  repeats  itself,  the  centre  of  gravity  in  the  distribution 
of  its  population  moves  steadily  to  the  west,  and  the  name  of  the 
"Far  West"  is  losing  its  earlier  significance.  Already  for  some  time 
the  waves  of  civilization  have  reached  the  far  Pacific  shore. 

One  thought  remains.    The  Middle  Ages  might  fittingly  be  de- 
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scribed  as  a  Mediterranean  epoch.  Then  followed  the  Atlantic 
period  of  modem  times.  The  problems  of  the  future  seem  largely 
bound  up  with  the  Pacific,  and,  indeed,  signs  are  not  wanting  that 
we  are  entering  on  a  new  era. 
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THE   RELATION   OF    OCEANOGRAPHY   TO   THE   OTHER 

SCIENCES 

nr  SIR  JOHN   UURRA? 

[Sir  John  Uiursy,  Naturalint.  b.  Cabunc,  Ontario,  OonndB.  March  3.  1841, 
K.C.IJ..  Kji^ht  o(  the  PruMian  Order  Pour  Ic  M^^ritc.  F.R.S,.  I.L.D.,  D.Sc,, 
Fb.U.;  Ouvicr  Prize,  Xnstitut  dc  Kracoo;  Uumboldt  Mcd&l.  UM«ll»clmfl  ffir 
Erdkuade,  Berlin;  K«r»l  Medal.  BoraJ  Societv;  Foundt-n'  M«dal,  li.G.S.; 
Nttill  And  HakdaunU-Brisbane  Uedau,  RoyaJ  6i>ci<-ty  ot  EdtnKitrgh;  Ciillum 
Uedol,  AiD«riean  Gmmnhinl  8nriKy;  Clarlw  Modal,  HovjJ  Society  of  titw 
South  Wala;  Lutke  MeduJ,  Immriial  Riaaiaa  Society  of  uaucnphy.  \1sit«d 
the  Arctic  Reraons,  IMIS;  one  of  the  naturaliats  with  U.US.  Chamnger  during 
fTploratlnn  of  pUxiiIcal  and  hioto^lca]  txmditinns  nf  Kn-At.  ckwui  lin.'oti!!!,  1872- 
76;  fint  Mristont  cf  staff  appointMl  to  tmdartakepublicatioRof  scicntilic  results 
of  CiaUaigir  Kxpettitioa,  ls76-82;  appointed  editor.  1882;  book  part  in  KitigM 
Errant  and  Triton  expeditioiu.  Autaor  of  .1  iSummory  «/  Mf  Scientific  Re- 
twUa  of  the  ChaOtngvr  Erptdition,  and  of  auoieniiia  P*P«n  oa  lubjocta  oooi- 
nect«<l  with  geomphy,  geolcgj,  oceaiuwniphy,  isuiae  kioiogjr,  and  lunnoJogy ; 
iMiit«.uthor  o(  The  Namtive  of  the  CVutM  of  tkt  ChaDtnger;  and  th#  Report  «t 
DmpSea  Dtpoaila.  Editor  of  thn  Report  cm  tht  Sdenti/Ui  RnuUt  of  tJu  Chat- 
faiifMr  Expadttion.} 

Within  the  past  hulf-century  our  IcDowIedge  of  the  oueau  has  been 
\-ery  greatly  extended  by  the  exploratiooa  oi  scientific  meu  beloiig- 
inR  to  ncjirly  everj-  civilized  country.  The  depth  of  the  ocean,  the 
tomperuturc,  the  compoaitioa,  and  the  circulation  of  ocean  waters, 
the  nat\ire  and  distribution  of  oceanic  organisms  and  of  marine 
dcprKitJ*  over  the  floor  of  the  ocean,  are  now  all  known  in  their 
broad  jteneral  outlined.  Wr  are  at  last  in  a  position  to  indicate,  and 
to  speculate  concerning,  the  relations  of  oceanography  to  the  other 
and  older  sciences. 

We  now  know  that  the  greatest  depth  of  the  ocean  below  sea- 
level  exceeds  the  height  of  the  highest  mountain  above  the  sea- 
level.  If  Mount  Everest,  the  highest  mountain  peak  in  the  world, 
were  placed  in  the  Nero  Deep  in  the  North  Pacific,  where  a  depth  of 
31,600  feet  has  been  recorded,  its  summit  would  be  Bubmergcd  by 
about  26O0  feet,  and  if  placed  in  the  Nana  Deep  of  the  North 
Atlantic,  where  28,000  feet  have  been  recorded,  it  would  form  a  small 
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islet  1000  feet  above  tho  waves.'  We  now  know  about  eigbty-mx 
area*  lu  the  ctcean  where  there  are  depths  exceeding  three  geograph- 
ical miles  (3000  fathoms).  These  areas,  in  which  depths  greater 
than  3000  fathoms  have  been  recorded,  have  been  called  deeps,  and 
a  difitinctive  name,  like  Nero  Deep  and  Narte  Deep,  bu  been  given  to 
each  one  of  them.  On  the  other  band,  there  are  in  the  ocean  basing 
numerous  cones,  risiug  iu  some  instances  above  sca-Ievel  and  form- 
ing coral  and  volcanic  iaJanda,  or  rising  it  may  be  to  a  few  hundreds 
of  feet  below  the  sea-level.  These  elevated  cones  rising  from  the 
ocean's  floor  seem  for  the  most  part  to  he  of  volcanic  origjn;  when 
they  do  not  riee  to  the  sea-level  they  are  covered  with  a  white  mantle 
of  carbonate  of  lime  shells,  mostly  of  plankton  organiems  wbcro 
their  summits  are  submerged  half  a  mile  or  more.  Disregarding 
these  elevations  and  depressions,  which  are  after  all  of  small  extent, 
it  may  be  said  lliat  the  general  level  of  the  bod  of  the  great  ocean 
basins  is  submerged  about  two  and  a  half  geographical  miles  beneath 
the  general  level  of  the  surface  of  the  continents.  Were  the  ocean 
waters  run  off  the  globe,  the  sohd  surface  of  the  sphere  would  appear 
like  two  great  irregular  plains,  one  of  which  —  the  continental  areas 
—  would  be  elevated  nearly  three  mites  above  the  other,  —  the  floor 
of  the  great  ocean  biuiins  ;  this  is  the  fundamental  geographical  fact. 
In  comparison  with  the  size  of  our  globe,  this  may  seem  a  ver>'  small 
matter;  still,  it  ta  important  to  inquire  whether  or  not  this  great 
superficial  appearance  of  the  solid  crust  is  part  of  its  ori^^t 
structure,  or  has  been  brought  about  by  agencies  at  work  since  the 
first  crust  wb-s  formed  over  the  globe's  incandescent  surface,  or  since 
the  first  precipitation  of  water  on  the  surface  of  our  planet. 

GcodesLsts  tell  us  that  their  observations  point  to  a  deficiency  of 
matter  beneath  the  continental  areas,  and  it  seems  possible  that 
oeeanographical  rcm^archcH  may  give  some  hint  as  to  how  this  defi- 
ciency of  matter  may  be  accounted  for.  It  is  probable  that  most  of  the 
chlorine  and  sulphur  now  in  combination  in  the  ocean  were  carried 
down  from  the  atmosphere  with  the  first  falls  of  rain  on  the  surface 
of  the  primitive  crust,  in  which  we  may  suppose  that  all  the  silica  was 
combined  with  bases,  such  as  the  alkalies,  lime,  magneaJa,  iron,  man- 
ganese, and  alumina.  At  a  high  temperature  silicic  acid  {SiO,)  has  a 
great  affinity  for  bases,  but  at  a  low  temperature  it  is  replaced  by  car- 
bonic aeid  {COj),  which  resembles  silicic  acid  in  many  of  its  properties; 
geological  History  might  indeed  be  represented  as  a  continuous  strug- 
gle between  these  two  radicals  for  the  possesion  of  bases.  At  a  high 
temperature  SiO,  is  successful,  while  at  a  low  temperature  the  vic- 
tory rests  with  COi.    In  all  the  ordinary  disintegrating  proceesesat 
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work  on  the  surface  of  the  earth  since  the  first  precipitation  of  rmin, 
carhonic  actd  has  been  replacing  silica  from  its  bases;  a  large  part 
uf  tho  silica  thus  set  free  goes  to  form  the  hydrated  variety  of  silica, 
like  opal,  or  ultimately  free  quarts.  The  bases  are  thus  continually 
bein;;  Icoohcd  out  of  the  emerged  rocks  of  the  contincnta,  and  car- 
ried away  to  the  ocean  in  solution,  or  in  a  colloid  condition,  the  re- 
sult being  the  ultimate  deposition  of  the  greater  part  of  the  heavier 
materials  in  the  abysmal  regions  of  the  ocean  and  an  accumulation 
of  tho  lighter  refractory  quartz  on  or  near  the  continental  areas. 

A  detailed  study  of  marine  deposits  shon-s  that,  while  quarte-sand 
forms  generally  tho  largest  part  of  the  deports  close  to  the  continents, 
quartz-sand  is,  on  the  other  hand,  almost  wholly  absent  from  the 
abysmal  re^ona  of  the  ocean  f&r  from  land,  except  where  tho  sea  sur- 
face is  affected  by  icebergs.  The  average  chemical  composition  of 
tenigenous  deposits  near  land  and  of  continental  rocks  shows  about 
68  per  cent  of  free  and  combined  silica.  On  the  other  hand,  the  aver- 
age chemical  composition  of  abysmal  deposits  shows  only  36  per  cent 
of  silica.  Continental  rocks  have  an  average  specific  gravity  of  2.6. 
The  abysmal  deposits  now  forming  on  the  floor  of  the  ocean  would 
make  up  rocks  with  a  specific  gravity  of  over  3.1.  The  supeiiicial 
layers  of  the  earth's  crust  on  the  conlineuta  must  be,  therefore,  con- 
sidered specifically  lighter  than  the  superficial  layers  of  the  earth's 
crust  below  the  waters  of  the  ocean. 

Everywhere  along  continental  slopes  and  in  inclosed  seas  we  find  a 
series  of  strata  being  formed  in  all  respects  comparable  with  the  strati- 
fled  rocks  of  the  geological  series.  Glauconite  is  to  be  found  now 
forming  on  nearly  alt  continental  elopes,  but  it  is  not  met  with  in  the 
deep-eea  deposits  far  from  land.  This  same  mineral  is  found  in  the 
same  form  as  in  recent  deposits  throughout  the  whole  series  of  stratified 
rocks  from  the  pro-Cambrian  down  to  the  present  time,  so  that  it  is  le- 
gitimate to  assume  that  rockR  in  which  it  occurs  were  laid  down  close 
to  continental  land.  Phosphatic  nodules  are  very  inlinmtely  associ- 
ated with  glaucouitic  depoBita,  and  have  the  name  distribution  in  the 
present  seas;  they  are  found  along  the  submerged  slopes  of  continental 
land,  and  are  very  rarely  met  with  in  deep  water  far  from  continental 
shores.  There  is  a  similar  association  of  phosphatic  nodules  and  glau- 
conite throughout  the  whole  geological  series  of  past  ages.  These  phos- 
phatic and  glauconilio  rocks  are  now  forming  especially  where  ocean 
currents  from  different  stmn-ew  and  nf  different  temiieratures  meet, as, 
for  instance,  off  the  United  Statescoa.sts  in  the  Atlantic  and  Pacific, off 
the  Cape  of  Good  Hope,  off  eastern  Australia,  off  I'atagonia,  and  off 
Japan.  In  these  areas  there  is  a  vast  destruction  of  life,  owing  tosuddeu 
changes  of  temperature  of  the  sea-water.  The  organisms  in  the  cold 
current  are  killed  from  a  sudden  rise  of  temperature,  the  animals  in 
the  warm  current  from  a  sudden  lowering  of  the  temperature.  When 
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the  tile-fiah  was  nearly  exterminated  off  the  United  States  coasts 
iu  1S82,  it  was  eatiinaled  that  over  hundreds  of  square  miles  there 
wuM  a  layer  of  deud  nmrine  fieihes  and  otiier  ariirualB  oa  the  bottom 
six  feet  in  depth.  This  vaat  destruction  of  marine  orgaaiams  points 
dearly  to  the  source  of  tlie  phoaphute  in  tlieae  dcpoaite.  and  ve 
obtaia  a  hint  as  to  the  couditioua  uuder  which  gi-cenfiand  and  siiD- 
ilar  rocks  were  laid  down  in  past  ages.  Generally  it  may  be  said  that 
in  the  terrigenous  deposits  along  continental  shores  we  have  roclcs 
now  in  process  of  formation  which  resemble  closely  tJie  stratified 
rocks  of  the  continents,  no  that  these  rocks  may  all  be  said  to 
have  bocn  formed  in  varj'ing  depths  in  inrlo«cd  scm  or  along  the 
continental  slopes  within  two  or  three  liundred  miles  from  land. 

It  is  quite  different  vben  w«  turn  to  the  marine  deposits  now  in 
process  of  fommtion  towards  the  central  portion.^  of  the  great  ocean 
badns.  No  geologist  has  yet  been  able  to  produce  u  specimen  of  a 
stratified  rock  which  can  with  certainty  be  said  to  have  been  built  up 
under  conditions  similar  to  those  under  which  the  typical  red  and 
chorotivte  cluys,  the  Ptcropod  and  Globigcrina  oozes,  the  Rudiulariaa 
and  Diatom  oozes  of  the  central  oceanic  regions  arc  laid  down  at  the 
present  time.  These  pclaf^ic  deposits  cover  considerably  more  than 
one  half  of  the  surface  of  our  planet.  The  typical  pelagic  deposits  are 
principally  made  up  of  the  shell;)  and  skeletons  of  calcareous  and 
siliceous  oi^anisms  now  living  in  the  surface  waters  and  of  InonEiaaic 
material  derived  fnim  Kuhmarine  eruptions,  or  of  pumice  and  volcanic 
dusts  floated  or  wind-borne  from  volcanic  areas.  The  calcareous  ot- 
ganisms  play  a  most  important  r6Io  in  the  pelvic  deposits,  and  their 
greater  or  less  abundance,  or  complete  absence,  is  more  or  Ic^  pus* 
zling  to  the  ooeauographer.  If,for  instance,  we  should  find  in  the  trop- 
ical or  subtropical  regions  of  the  ocean  a  cup-shaped  or  horsesboe- 
ahaped  elevation  rising  from  the  deep  Qoor  of  the  ocean,  having  a  dia- 
meter, say,  of  fifty  miles  across,  and  the  summit  or  edges  of  the  cup 
risingtowithin6000feetof  the  surf  ace  of  the  ocean,  while  inthe  interior 
and  on  the  outside  of  the  cup  the  bottom  doec«nded  to  20,000  feel  be- 
low the  waves,  then  we  should  fuid  on  the  elevated  edgos  of  the  cup 
deposits  made  up  of  90  per  cent  of  calcium  carbonate,  consisting  almost 
wholly  of  the  remains  of  pelagic  organisms.  As  we  descend  into  the 
hollow  of  the  cup,  or  into  the  depths  outside  the  cup,  these  ot^anic 
remains  would  slowly  disappear,  till  in  the  deposit  at  the  bottom  in 
20,0CN)  feet  hardly  a  trace  of  calcareous  organisms  would  be  found, 
and  the  deposits  there  would  consist  of  a  red  or  chocolate  clay  derived 
from  volcanic  ejects, with  manganese-iron  nodules,  earbooes  of  vhalee, 
sharks'  teeth,  and  some  cosmic  spherules  derived  from  meteorites. 
This  hypothetical  case  represents  what  is  found  again  and  again 
throughout  the  ocean  basins.  Where  exactly  similar  surfaco  condi- 
tions prevail  at  the  surface  of  the  ocean  two  wholly  diHerent  marine 
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'  condition  Xtc'mi^  depth.  The  calcareous  organisms  are  all  diMoIved 
avay  in  fallinff  through  an  ocean  20,000  fci-t  in  depth,  or  soon  afber 
tbcy  rC5ch  the  bottom,  whereas  they  nearly  all  reach  the  botlotn  al 
ft  depth  of  5000  or  6000  feet,  and  there  accumulate  90  as  to  form  an 
almost  pure  deposit  of  earbonate  of  lime.  The  clayey  deposit  at 
20,000  feet  evidently  aeeiimulates  with  extreme  slownees,  the  calca- 
reouB  deposit  at  6000  f«!t  miirh  more  rapidly.  The  recent  t>b!»cni'a- 
tions  of  Lclcgniph  engineers  appear  to  shoir  that,  at  one  place  in  the 
North  Atlantic,  Globigcrina  ooze  forms  at  the  ra.te  of  about  one  inch 
in  ten  years.'  In  the  case  of  terrigenous,  as  well  as  of  pelagic  de- 
posits, it  has  been  shon-n  that  two  ver^*  different  deposits,  both  in 
organic  and  inoif^anio  constituents,  may  b«  formed  in  the  same 
area  at  the  same  I  inie,  but  in  different  depths. 

All  these  consirterations  go  to  show  that  the  deports  formed  in 
'  inclosed  seas  and  along  the  borders  and  slopes  of  emerged  contin- 
i  Mtal  land  liave  ag&in  and  again  been  shoved  up  on  the  continental 
I  areiB  to  form  drj-  land,  by  the  action  of  those  internal  forces  cnilcd 
into  ptay  through  the  solid  crust  accommodating  itself  to  a  shrinking 
nucleus.  And.  further,  it  follows  that  more  than  one  half  of  the  sur- 
face of  the  planet  —  the  abysuiat  regions  of  the  great  ocean  bo-tins  — 
may  never  have  contributed  to  the  formation  of  those  stratified 
rocks  of  wliich  continental  land  is  so  lai^ety  made  up.  Tlte  continents 
have  been  far  from  permanent  and  stable,  but  those  areas  on  the  sur- 
face of  the  planet  now  oecupied  by  the  continents  and  the  adjacent 
marine  terrigenous  deposits  appear,  from  the  foregoing  argument, 
to  have  been  the  areas  on  the  Kurface  of  the  planet  on  which  con- 
tinental land  has  been  situated  from  the  very  earliest  ages.  The 
grand  result  of  all  the  denuding  and  re<H>nHtructing  agencies  since  the 
first  precipitation  of  rain  has  been  the  buiiding-up  on  these  contin- 
ental areas  of  a  great  mass  of  lighter  highly  siliceous  materials.  If 
this  has  been  the  course  of  the  evolution  of  the  precent  continental 
areas,  then  it  appears  amply  to  account  for  the  deficiency  of  matter 
beneath  the  continents  indicated  by  pendulum  observations,  and  for 
the  uJleged  fact  that  along  continental  shores  the  phimb-Une  tends 
towards  the  ocean  basins,  where  the  heavier  materials  have  been 
accumulating  on  the  earth's  surface,  over  since  the  first  precipitation 
of  water  on  the  cooling  crust. 

Temperature  may  be  defined  as  that  state  of  matter  on  which  de- 
pends its  relative  readiness  to  give  or  to  receive  heat.  Variations  of 
temperature  are  intimately  associated  with  alt  changes  in  nature,  and 
nowhere  are  the  effects  of  these  variations  of  temperature  more  pro- 

'  Swi  Uumy  and  Penkp,  On  Rremt  Confrihutum*  ta  Our  KnowMee  oj  Ihr  Floor 
of  the  Sorth  Alianiic  Octan,  Hoi).  O'eogr.  Soc,  Kxtra  FubUcatioa,  190*.  p.  21. 
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nounced  than  in  the  oeeao.  Tlie  relations  of  oceanography  to  manjr 
other  Acienccji  can  best  be  exemplified  by  a  consideration  of  the  dis- 
tribution of  temperature  in  the  waters  of  the  ocean.  Neariy  ail  the 
sun'a  rays  falling  on  water  are  at  once  diffused  downwards  to  at  least 
600  fc«t.  So  great  is  the  thermal  rapacity  of  water  that  a  xinit  of  beat 
only  raises  the  temperature  one  degree,  while  the  same  amount  will -j 
raise  the  temperature  of  rooks  four  or  five  degrees.  flfl 

It  is  well  known  that  our  planet  is  surrounded  by  threo  atmo- 
spheres :  one  of  oxygen,  one  of  nitrogen,  and  one  of  wat«r-vapor.   In 
the  caae  of  oxygen  and  nitrogen  a  complete  mixture  takes  place 
throughout  the  whole  atmospheric  envelope.     A  complete  mixture 
never  takes  place  in  the  case  of  water-vapor,  because  its  equilibrium 
is  eontinuouHiy  disturbed  by  changes  of  temperature,  which  may 
reduce  the  vapor  to  the  liquid  or  solid  Mtate;  evaporation  and  con- 
densation, freezing  and  melting,  are  ceaseless  at  the  surface  of  the 
earth.  It  has  been  shown  by  numerous  obscr\'ations  that  in  the  open 
ocean  far  from  land  the  daily  Buctuations  of  temperature  in  the 
surface  waters  do  not  exceed  one  degree  I-'.     Hence  the  atmo- 
sphere over  the  ocean  may  be  regarded  as  renting  on  a  surface 
the  temperature  of  which  is  practically  uniform  at  all  hours  of  the 
day.    This  is  in  striking  contrast  to  what  takes  place  on  the  land 
surfaces,  whore  solar  and  terrestrial  radiation  produce  a  very  aide 
daily  range  of  temperature.     On  the  nund  of  the  Sahara  and  the 
American  deserts  the  temperature  ranges  about  IW^  from  three  a.  m. 
to  three  p.  u.  The  temperature  of  the  air  immediately  over  the  ocean 
has  n  slightly  greater  daily  range  than  that  of  the  water,  — being 
some  three  or  four  degrees  F.,  —  but  this  is  in  no  way  comparaMe 
to  the  enormous  daily  range  of  the  air  resting  on  the  land  surfacea. 
Here  we  come  on  one  of  the  prime  factors  of  mot©orolog>',  which 
must  be  considered  in  connection  with  some  other  facts.    As  the 
diurnal  oscillations  of  the  barometer  occur  alike  over  the  sea  and 
land,  it  follows  that  this  diurnal  oacillalion  is  caused  by  the  direct 
and  immediate  heating  of  the  mole<rules  of  the  air  and  its  aqueous 
vapor  by  solar  radiation.   Air  with  a  large  quantity  of  water-vapor 
absorbs  more  of  the  sun's  rays,  becomes  in  conaequenoe  more  heated, 
and  is  specifically  lighter  than  dry  air;  hence  air  ascends  in  cyclonic 
and  descends  in  anti-cyclonic  areas.    The  diurnal  variation  in  the 
elastic  force  of  the  vapor  in  the  air  is  seen  In  its  simplest  form  over 
the  open  ocean,  and  the  diurnal  variation  in  the  force  of  tlie  wind. 
and  the  diurnal  variation  in  the  amount  of  cloud  are  both  much  lesH 
over  the  open  ocean  than  over  the  land.     All  these  conclusions 
derived  from  ol»er\-ationii  at  sea  go  a  long  way  towards  a  rational 
interpretation  of  many  atmospheric  phenomena,  such  as  the  un- 
equal distribution  of  the  mass  of  the  earth's  atmosphere,  the  as- 
cending currents  in  cyclonic  areas,  the  descending  currents  in  anti- 
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cyclonic  areas,  the  prevailing  winds,  and  the  greatly  divetsiiied 
climates  in  different  parta  or  the  world.  Ttic  oquco-ueriBl  currents 
from  eca  to  land,  and  the  oceanic  currents  tiius  brought  about  by 
chiuigcs  of  temi>cmt  ure  in  thu  atnioaplierc,  uro  the  great  equolizera 
of  temperature  in  diverse  regions;  for  instance,  except  for  these 
currents  the  mean  winter  temperature  of  lx>ndon  would  be  17"  F. 
in  place  of  39*  P.,  London  thiis  being  benefited  22*  F.,  while  the 
Shetland  Islands  to  the  north  of  Scotland  are  benefited  36°  F.  by 
the  Gulf  Strcji.in  and  the  uqueo-uerial  currents  due  to  thu  winds 
from  the  southwest. 

At  the  surface  of  the  earth,  both  on  land  and  on  sea,  bands  of 
e<]ual  temperature  run  more  or  less  parallel  to  the  equator.  This  is 
true,  Dot  withstanding  the  fact  that  oceanie  currents  CAUse  wide 
defleetions,  as,  for  instance,  in  the  case  of  the  Gulf  Stream:  on  the 
aea-floor  the  bands  of  equal  temperature  ruii  north  and  south  along 
the  continental  shores. 

The  extreme  range  of  t«mporaturo  in  the  surface  waters  of  the 
ocean  ia  from  28°  to  96*  F.,  and  84  per  cent  of  the  surface  waters 
have  a  temperature  exceeding  40"  F.  There  is  a  circum-tropical 
rone  where  there  is  a  high  temperature  and  small  range  not  exceeding 
10°  F.,  which  embraces  most  of  the  coral-reef  regionnof  the  world,  and 
there  arc  two  cjrcum-polsr  zoneii  where  there  ia  a  low  temperature 
and  small  range  not  exceeding  10°  F.,  where  carbonate-of-lime 
secreting  organisms  arc  poorly  developed.  Between  these  two  polar 
zones  and  the  cireum-tropical  zone  are  two  intermediate  zones  where 
there  is  a  wide  range  of  temperature.  It  is  in  these  intermediate 
nmes  that  warm  currents  occupy  the  surface  at  one  t>eason  of  the 
year  and  cold  currents  at  another  season,  and  here  there  is  a  con- 
sequent great  destruction  of  marine  life.  This  gives  us  some  indica- 
tion of  the  conditions  under  which  phosphatic  and  glauconitic 
deposits  were  laid  down  in  past  ages. 


Many  areas  at  the  surface  of  the  ocean  used  formerly  to  be  re- 
garded as  barren  and  devoid  of  life,  but  there  are  no  such  barrea 
regions.  The  whole  surfai'e  of  tlie  ocean  —  both  in  cold  and  warm 
waters,  and  down  to  a  depth  of  000  feet  —  must  be  regarded  as  a 
vast  meadow,  more  extensive  and  more  important  than  the  vege- 
table  covering  on  land-surfaces,  Everywhere  there  are  myriads  of 
Diatoms,  calcareous  and  other  raicroscopic  Alg^e  with  a  red-brown 
color,  the  chlorophyll  in  which  is  ever  busy  under  the  influence  of  the 
sun's  rays  converting  inorganic  into  organic  compounds.  These 
minute  organisms  are  the  original  source  of  food  for  the  vast  ma- 
jority of  marine  animals  both  in  the  surface  waters  and  on  the  floor 
of  the  ocean,  even  at  the  greatest  depths.  The  reserve  food  of  these 
minute  org&nisms  is  little  globidcs  of  oil,  instead  of  granules  of 
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starch  which  prevai]  in  terrentrial  vegetation.  Thia  is  doubtlesa  the 
original  source  of  the  oil  which  appears  in  marine  fishes,  birds,  and 
inaniiuaU  in  such  abuDdance. 

Many  Intercutting  phy»lological  problems  are  suggeiited  by  the 
study  of  oceanography.  In  thi;  octiin  there  arc  veiy  few  warm- 
blooded and  air-breathiug  anintaU,  ujid  wc  have  to  dcul  chicQy 
with  cotd-bloodod  aninuUs,  the  temperature  of  whose  blood  and 
bodies  rises  and  fails  with  that  of  the  water  in  whi(^h  thc-y  li\-c.  In 
the  tropics  mariDe  animals  —  for  instance,  a  Copepod  or  Amphipod, 
—  pass  all  their  lives  in  water  with  a  temperature  of  80**  to  90*'  F. 
In  the  polar  seas  a  quil€  Bimilar  animal  passes  the  whole  of  its  life 
in  water  below  the  freeaing-point.  In  these  cases  it  is  e%ident  that 
the  metabolism  of  the  warm-water  animal  is  much  more  rapid  than 
that  of  the  cold-water  one;  it  reproduces  its  kind  much  more  fre- 
quently, and  its  individual  life  Is  shorter  than  iu  the  case  of  the  cold- 
water  animal.  All  chemical  and  all  physiological  changes  take 
place  much  more  rapidly  in  warm  than  in  cold  water.  In  cold  sea- 
water  there  ts  much  albununoid  aumoaia,  in  warm  water  regions 
much  saJine  ammonia,  which  fact  points  to  more  rapid  change  in  the 
warm  water  of  the  ocean.  By  remembering  these  conditions  we  may 
account  for  the  fact  that  genera  and  specicQ  are  much  more  numer. 
ous  in  the  warm  water,  while  on  the  other  band  the  species  ore  few, 
but  the  individuals  of  a  speciei  are  enormously  greater,  in  the 
cold  water.  The  animals  in  a  tow-net  from  the  tropics  are  most 
probably  not  more  than  a  few  weeks  old,  whereas  a  amilar  tow-net  in 
the  polar  waters  captures  animals,  some  a  few  weeks  old,  and  others, 
it  may  bo,  years  of  age.  It  seems  certain  that  the  warm  tropical 
waters  arc  the  most  favorable  for  vigorous  life  and  rapid  change, 
and  here  the  struggle  for  Ufe  is  most  severe,  and  the  evolution  of 
new  gpecles  much  more  frequent,  than  in  the  cold  waters  of  the 
poles  or  the  deep  sea.  In  this  direction  we  must  took  for  an  explana- 
tion of  the  so-called  bipolarity  in  the  distribution  of  marine  organisms. 

A  great  charocteriatic  of  orguniflms  in  warm  tropical  waters  is 
the  verj-  large  quantity  of  carbonate  of  lime  the>'  setret©  from  the 
ocean.  This  is  e\'ident,  not  only  in  the  massive  coral  reef.«>,  but  also 
in  the  abiindance  of  calcareous  organisms  in  the  plankton  of  the 
tnqncs  —  like  coccospheres,  Globigerins,  and  mollusks.  All  the^e 
Ume-Mcrcting  orgamnms  become  less  abundant  as  we  approach  the 
poles,  or  descend  into  the  deep  sea.  In  the  warm  water  the  corboo- 
&te  of  lime  is  dcpoatcd  in  flhells  and  skeletons  as  arogonite,  but  in 
the  cold  water  it  is  deposited  much  more  slowly,  and  in  the  form 
of  calcite.  ITiis  shows  that  when  we  find  a  limestone  rock  with 
abundance  of  fossU-ahells  wc  may  assume  that  it  was  laid  down  iaj 
a  warm  sea  where  the  temperature  approached  70"  or  SO*  F.  I 
may  be  safely  asserted  that  at  the  present  time  lime  is  beitig 
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cumulated  towarda  the  tropics  tfirough  the  action  of  timo-sccrcting 
organisms  which  obtain  the  lime  from  the  sulphate  of  lime  in  eca- 
water. 

The  great  abundance  of  pelagic  lan's  of  benthonic  organisms 
in  varm  tropical  aurface  waters,  their  periodirity  in  the  intermedi- 
ate Eonee  with  a  wide  range  of  temperature,  and  their  almost  total 
absence  in  polar  waters  and  in  the  deep  sea,  are  facts  in  distribution 
of  great  interest  to  the  biologist  and  evolutionist,  and  may  be  ac- 
counted for  by  the  varied  temperature  conditions  in  the  several 
areas. 

The  temperature  conditions  in  the  deep  sea  and  on  the  floor  of  the 
ocean  form  a  striking  contrast  to  those  prevailing  in  the  surface 
waters.  The  lines  of  equal  temperature,  instead  of  running  parallel 
to  the  equator,  as  at  the  surface,  run  on  the  whole  north  and  south, 
following  the  general  trend  of  the  continents.  The  water  which 
rests  immedialely  on  the  ocean's  floor  in  great  depths  has  nearly 
everywhere  a  temperature  imder  40°  F.,  and  a  ver>'  large  part  of  it 
is  bHow  the  freezing-point.  Only  a  sinall  band  running  north  and 
south  in  shallow  water  along  the  continental  shores  has  a  tempera- 
ture over  40°  F.  It  follows,  then,  that  much  more  than  one  half 
of  the  solid  crust  of  our  globe  is  kept  at  a  low  temperature  at  all 
times.  The  abysmal  regions  have  not  only  a  low  temperature,  but 
eternal  darkness  reigns  there  so  far  as  the  sun's  rays  arc  concerned; 
any  motion  which  takes  place  in  the  water  must  be  of  extreme  alow- 
nees.  Transport  and  crosimi  do  not  take  place  tn  this  deep  region, 
wluch  is  on  area  of  deposition.  The  materials  composing  the  de- 
posits, being  saturated  with  sea-water  during  immense  periods  of 
time,  become  highly  altered,  and  secondarj*  products  are  formed 
in  and  on  the  surface  of  the  deposits,  such  as  manganese-iron 
nodules,  palagonite,  and  neolitic  cr^'stsls. 

The  animals  which  have  been  able  to  accommodate  themselves 
to  life  in  the  abysmal  regions  derive  their  food  primarily  from  the 
dead  organisms  and  excreta  which  have  fallen  from  the  surface 
waters:  they  are,  indeed,  mud-eaters.  There  is  much  reason  to  be- 
lieve that  the  whole  of  the  marine  deposits  are  sooner  or  later 
eaten  by  organisms;  it  is,  indeed,  probable  that  all  sLratified  rocks, 
whether  marine  or  lacustrine,  have  in  like  manner  passed  through 
the  intestines  of  animals.  In  many  instances  the  excreta  of  the 
benthonio  animals  are  converted  into  glauconitic  and  phosphatic 
grains.  Phosphorescent  light  plays  a  large  part  in  the  economy 
of  roanne  organisms,  and  it  is  a  remarkable  fact  that  this  phenomenon 
of  pliosphorescence  liaa  never  been  observed  in  any  fresh-water 
organisms.  Some  deep-aea  animals  arc  blind,  some  ha'\'e  very  large 
eyes,  some  have  highly  developed  tentacular  organs.  Some  have 
complicated  organs  for  the  emission  of  light,  eome  are  many  times 


OCEANCXSRAPHY 

larger  Uian  their  shAlIow-wafer  allies,  while  others  are  much  smaller. 
All  have  a  rather  feeble  development  of  calcareous  shells  and  skele- 
tons and  a  mther  sombre  color.  All  these  modifications  can  be 
sitiafactorily  explained  by  refeience  to  the  pressure,  the  tempora- 
ture.  the  food,  the  light,  and  other  physical  and  biological  conditions 
to  which  we  have  referred  as  prevojling  in  Cbo  deep  water  of  the 
great  ocean  basins. 

A  point  of  some  interest  to  paleontologists  is  that  in  deep  marine 
deposits  the  remains  of  marine  organisms  which  lived  on  the  bottom 
in  cold  water  with  a  temperature  below  zero  are  mingled  with  the 
remains  of  surface  organisms  which  lived  at  a  tempcratnro  of  80"  F. 
It  has  been  shown  by  hundreds  of  analyses  of  ocean-water  from  all 
parts  of  the  world  that  the  chemical  composition  of  sea-water,  that  b 
to  say,  the  ratio  of  acids  to  bases  in  sea-salts,  is  very  constant,  with 
some  iosiguificaDt  exceptions.  Sea-water  has  acted  as  a  gigantic 
solvent;  it  almost  certainly  now  contains  every  known  chemical  ele- 
ment. The  salts  now  proeont  in  solution  represent  what  water  has 
been  able  to  leach  and  filler  out  of  the  solid  crust  and  sea-water 
has  been  able  to  retain  in  solution.  The  history  of  the  composition  of 
sea-water  should  be  the  complement  of  all  the  terrestrial  changes 
that  have  taken  place  on  the  dry  land  of  the  continental  areas.  An  en- 
deavor may  be  now  made  to  trace  that  history,  in  the  same  way  that 
the  geologist  and  palf^ontologist  traco  the  evolution  of  the  Btratilied 
rocks.  Wo  have  now  many  indications  that  the  compoation  of  the 
sea^water  salts  —  or  rather,  the  proportion  in  them  of  the  varioos 
elements  ^—  has  continually  changed  from  that  of  the  primeval 
occtin. 

It  has  boon  pointed  out  that  Radiolaria,  Diatoms,  and  other  sUIca- 
seerctirK  Protoxoa  and  Protophj-ta,  are  more  abundant  whwe  se*- 
water  mixes  with  a  largo  amount  of  fresh  water  in  the  preset  ocean, 
as,  for  instance,  in  the  tropical  West  Pacific  and  in  tbe  Antarctic. 
When  we  remember  the  abundance  of  Radiolaria  in  Paleozoic  schists, 
it  seems  to  iihow  that  in  the  early  ncas  there  was  much  more  dctntal 
and  colloid  silicate  of  alumina  in  ocean  waters  than  at  the  present 
time,  the  oceans  being  on  the  whole  much  shallower  and  less  salt 
Again,  in  the  present  scab  lime-secreting  organisms  are  much  more 
abundant  in  the  wannest  and  saltest  waters  than  elsewhere.  This 
indicates,  when  the  amall  development  of  limestone  in  the  earliest 
stratified  formations  is  considered,  that  lime  was  less  abundant  in 
the  pre-Cambrian  oceans  than  in  our  seas.  Indeed,  water  before  the 
formatioQ  of  soil  on  tbe  land  surfaces  would  carry  to  tho  ocean 
very  different  salts  in  solution  from  those  carried  at  this  time.  Po- 
tassium, for  instance,  is  absorbed  at  the  present  time  by  all  soils,  and 
the  eame  element  has  from  the  earliest  times  been  extracted  from 
the  sea-water  to  form  glauconite.    Potassium  is,  then,  probably  much 
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less  abimdant  now  than  in  the  primeval  ocean.  Lime  has  also  been 
extracted  in  greater  abundance  in  recent  than  in  ancient  seas.  This 
occiirs  especially  in  the  warmest  and  saltest  seas. 

Marine  organisms  have  had  to  accommodate  themselves  to  the 
slowly-changing  conditions  of  the  ocean  which  I  have  just  indicated, 
and  it  seems  evident  that  the  animal  and  vegetable  protoplasm  must 
have  established  fixed  relations  with  the  elements  in  solution  in  se&- 
water.  This  relation  would  almost  certainly  be  handed  on  by  heredity, 
for  there  is  no  reason  for  supposing  that  morphological  structure  can 
be  handed  down  in  this  way,  and  not  chemical  composition.  When 
we  have  a  fuller  knowledge  of  the  chemical  composition  of  the  soft 
tissues  of  the  different  groups  of  marine  organisms,  and  of  the  com- 
pontion  of  their  circulatory  fluids,  we  may  possibly  be  able  to  read 
the  history  of  the  ocean  as  clearly  as  the  paleontolog^t  reads  the 
history  of  the  rocks. 


THE    CUIiTIVATION    OF    MARINE    AXD    FRESH-WATER 
AXIMALS   IN  JAPAN 


BT  K.  iOTSUKXmif  PH.D. 
ProfegBor  of  ZtHHogjf,  Imptrial  UniteriHy,  Tokj/o,  Japan 

While  the  p&stiirageof  cattle  and  the  cultivation  of  plants  marked 
very  early  steps  in  mati's  advaocement  toward  civilization,  the  raising 
of  aquatic  animals  and  plants,  on  any  extensive  scale,  at  all  events, 
seems  to  belong  to  much  later  stages  of  human  development.  Id  fact, 
the  cultivation  of  some  marioc  animals  ha«  been  renderad  poenblc 
only  by  utilizing  the  meet  reoent  discoveries  and  methods  of  science. 
I  believe,  however,  the  time  is  now  fast  approaching  when  the  in- 
crease of  population  on  the  earth,  and  the  question  of  food-supply 
which  must  arise  as  a  necessary  consequence,  will  compel  us  to  pay 
most  serious  attention  to  the  utilizalion  for  this  purpose  of  what  has 
been  termed  the  "watery  wastes." 

For  man  to  overfish,  and  then  to  wait  for  the  bounty  of  nature  to 
replenish,  or,  failing  that,  to  seek  now  Csliing  grounds,  is,  it  aeems  to 
me,  an  act  to  be  put  in  the  same  category  with  the  doings  of  nomadic 
peoples  wandering  from  place  to  place  in  search  of  pastures.  Here- 
after, streams,  rivers,  lakes,  and  seas  will  have,  so  to  speak,  to  be 
pushed  to  a  more  efficient  degree  of  cultivation  and  made  to  j-ield 
their  utmost  for  us.  It  is  perhaps  superSuous  for  me  to  state  this 
before  an  audience  in  America,  for  I  think  all  candid  persons  vill 
ndmit  that  the  United  States,  with  her  Bureau  of  Fisheries,  is  tcoding 
other  nations  in  bold  scientific  attempts  in  this  diiecUoD. 

Nor  is  it  simply  from  the  utilitarian  standpoint  that  more  attention 
is  likely  to  be  paid  in  futiu-o  to  the  cultivation  of  aquatic  organisms. 
Far  l>c  it  from  mc  to  depreciate  in  any  way  beautiful  modern  labor- 
atory technique,  but  I  think  all  will  agree  the  time  is  now  gone  by 
when  science  considered  that  when  the  morphology'  of  an  animal  ha? 
been  made  out  in  the  laboratory  all  that  is  worth  knowing  about  it  hsa 
been  exhatisted.  We  have  been  apt  to  forget  that  animals  are  living 
entities,  and  not  simply  a  collection  of  dead  tissues.  But  we  are  now 
beginning  to  realir^  that  in  order  to  arrive  at  the  proper  uuderstand- 
ing  of  biological  phenomena  we  must,  in  addition  to  laboratory  meth- 
ods, oljscrve  living  animals  in  thoir  natural  environment,  or  studv 
them  by  subjecting  them  to  accurate  scientific  experimenta.  To  show 
the  efficiency  and  intricate  nature  of  the  new  methods,  I  need  ontj 
refer  to  the  important  results  obtained  by  Professor  E»"art,  of  Edin- 
burgh. And  America  has  also  already  started  a  zodlogical  experi- 
mental farm,  under  the  able  directorship  of  Profeesor  Davenport. 
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I-Vom  this  stftndpoint  the  cultivation  of  varioua  organisms  becomes 
on  important  and  moeeeary  aid  to  sclontific:  researches,  and  it  is 
partly  for  this  reason  that  I  venture  to  call  your  attention  t-o  aome 
of  the  more  successful  of  culture  methods  practiced  in  Japan. 

Japan,  I  need  hardly  remind  you,  consistit  ot  an  immense  number  of 
talaods,  large  and  email.  In  proportion  to  its  area,  which  is  nearly 
160,000  fiquare  mJles,  its  coast-hne  is  immense,  being,  roughly  speak- 
ing, 20,000  mijcii.  This  is  broken  up  into  bays,  estuaries,  inlets,  and 
straits  of  all  sorts  and  shapes,  with  an  unusually  rich  fauna  of  marine 
organisms  everywhere.  In  addition,  the  country  is  dott«d  with  lalEes 
and  smaller  bodies  of  fresh  water.  Put  the»e  natural  conditions  to- 
gether li^ith  the  facts  that  tite  population,  in  some  districts  at  least, 
has  been  extremely  dense,  and  that  until  within  comparatively  recent 
times  hardly  any  animal  flesh  was  taken  as  food,  and  even  at  the 
present  day  the  principal  food  of  the  general  mass  of  people  consists 
of  VQgetablee  and  fish,  —  it  would  be  strange  indeed  if  the  cultivation 
of  some  aquatic  organisms  had  not  developed  xinder  these  cirtum- 
atances.  And  such  is  at-tually  the  case.  For  instance,  the  oyster  cul- 
ture of  Hiroshima  and  the  alfiic  culture  of  Tokyo  Bay  are  well-known 
industries  wliich  tiave  been  carried  on  for  hundreds  of  years.  Within 
recent  times  there  Las  been  a  development  of  a  number  of  such  enter- 
prises, some  of  which  are  interesting  even  from  the  purely  scientific 
standpoint.  It  is  my  intention  to  call  your  attention  to  the  more 
imiiortant  of  these  culture- methods,  giving  prefereni*  to  those  whieU 
are  peculiar  to  Japan,  and  which  might  be  interesting  not  only  from 
the  economic  iwpoct,  but  as  a  mcuns  of  scientific  investigation. 

The  Smpping-Turtle,  or  Soft-Skelt  Tortoise,  "Support"  {Trionyx 
japonicus  Schlegel) 

The  placeoccupied  among  gastronomical  delicacies  by  the  diamond- 
bock  terrapin  in  Americn  and  by  the  green  turtle  in  England  is  taken 
by  the  suppon,  or  the  snappjng-turtle,  in  Japan.  The  three  are  equally 
esteemed  and  equally  high-priced,  but  the  Japanese  epicure  has  this 
advantage  over  his  brothers  of  other  lands,  —  he  has  no  longer  any 
fear  of  having  the  supply  of  the  luscious  reptile  e.^austed.  This  de- 
sirable condition  is  owing  to  the  successful  efforts  of  a  Mr.  Hattori, 
who  has  spared  no  pains  to  bring  his  turtle*farnis  to  a  high  pitch  of 
perfection,  and  is  able  to  turn  out  tens  of  thousands  of  these  reptiles 
evcr>'  year.  As  his  are.  so  far  ae  I  am  aware,  the  only  turtle-farms  in 
the  world  which  are  highly  successful,  a  description  of  his  establish- 
ment and  methods  will,  I  think,  prove  interesting  and  serve  as  a  guide 
to  those  who  may  have  similar  undertakings  in  view.  Id  passing,  I 
may  remark  that  1  have  known  Mr.  Hattori  these  twenty  years  and 
have  spent  a  number  of  summers  on  his  original  farm,  collecting,  with 
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his  kind  conncnt,  ample  materials  for  my  studies  on  the  development 
of  Chclonia.  In  return,  Mr.  Uattori  is  kind  enough  to  B&y  some  of 
the  facts  and  suf^estiona  1  have  been  able  to  ^ve  him,  based  on  niy 
embrj'ological  studiee,  have  been  of  service  in  carrying  out  improve- 
ments. 

The  Hattori  family  has  lived  a  long  time  in  Fukagawa,  a  suburb  of 
Tokyo,  which  lies  on  the  "Surrey"  Bide  of  the  Sumida  TUver,  and 
which,  having  been  on^nally  reclaimed  from  the  sea,  is  low  and  full 
of  lumber-ponds  '  and  until  recently  of  paddy-Belde.  The  occupation 
of  the  family  was  that  of  collecting  and  selling  river-fiehea,  such  as 
the  carp,  the  eel,  and  the  crucian  c&rp,  and  of  raising  goldfishes,  in 
addition  to  the  ordinary  farmer's  work.  As  far  back  as  in  the  forties 
of  the  last  century  .the  high  price  commanded  by  the  "suppon"  seems 
to  have  guggcBted  to  the  father  and  the  uncle  of  the  present  Hattori 
the  desirability  of  cultivating  it,  and  this  idea,  once  started,  seetns 
never  to  have  been  loAt  eight  of,  although  lying  in  abeyance  for  a  long 
time. 

In  1866  the  fimt  large  turtle  waa  caught,  and  since  then  additions 
have  been  made  by  purchaae  from  time  to  time,  bo  that  in  186S 
there  were  fifteen,  and  by  1874  the  number  reached  fifty,  which 
were  oJl  very  healtliy,  with  n  good  admixture  of  males  and  feraalea. 
In  1875  these  were  placed  in  a  email  pond  of  36  tsubos,*  with  an 
island  in  the  centre  which  was  intended  for  the  turtles  to  lay  eggs 
OR.  They,  however,  Eteemed  to  prefer  for  this  purpose  the  space 
between  the  water-edge  and  the  outer  inclosure;  hence,  to  suit  the 
toatcs  of  the  reptile,  the  pond  was  hastily  modified  into  a  form 
very  much  like  the  one  in  use  at  the  present  day.  That  year  over 
one  hun<lrcd  young  were  hatched,  but,  unfortunately,  they  weie 
allowed  to  enter  the  pond  in  which  the  adults  lived,  and  all  but 
twenty-three  of  them  were  devoured,  making  it  evident  that  some 
means  M'ere  necessary  to  protect  them  from  their  unnatural  parents. 
Thuji  was  gradually  evolved  the  present  system  of  cultivation. 

In  general  appearance  a  turtle-farm  is  at  a  first  glance  nothing 
but  a  number  of  rectangular  ponds,  large  and  small,  the  large  onca 
having  a  size  of  several  thousand  taubos.  The  ponds  are  undorgoiiiK 
constant  modification,  being  united  or  separated  just  as  need  arisM, 
no  that  their  number  may  vary  considerably  at  different  times. 
Figure  1  gives  the  plan  of  the  Hattori  turtle-farm  at  Fukagawa  as  at 
present  laid  out.  There  pass  through  the  farm  two  small  canals  whichj 
communicate  on  the  one  hand  with  the  river  across  the  road,  and  > 
the  other  with  the  ponds,  so  that  the  water  can  be  drawn  into, 
emptied  from,  each  of  them  at  will. 


*  Pnnd»  in  which  lumtm  is  kept  soahMl  in  irat«r. 

*  One  tsubo.  ao  area  siic  feet  aqiioie,  is  the  unit  In  the  measurefnent  oi 
land  Burians. 
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All  the  ponds,  whether  large  or  small,  are  constructed  very  much 
on  the  same  plan.  They  are  limited  on  their  four  sides  by  plank 
walls,  the  top  of  which  may  either  be  on  the  level  of  the  ground 
(see  the  right  side  of  the  section,  Fig.  2),  or  may  be  more  than  a  foot 
above  the  ground  when  two  ponds  are  contiguous  (the  left  side.  Fig.  2). 
In  either  case  the  plank  wall  has  a  cross-plank  of  some  width  at 
right  angles  to  it  on  its  top,  and  is  also  buried  some  inches  in  the 
groimd.  The  former  arrangement  is,  of  course,  to  prevent  the  tor- 
toises from  climbing  over  the  wall,  and  the  latter  to  prevent  them 
from  digging  holes  in  the  ground  and  making  their  escape  in  that 


Fig.  1 .- Plua  of  a  turtle-farm 

way,  while  at  the  same  time  it  serves  to  exclude  the  moles.  On  the 
inner  side  of  the  plank  wall  there  is  more  or  less  of  a  level  apace, 
and  then  a  downward  incline  of  three  or  four  feet.  At  the  foot  of 
this  incline  and  directly  around  the  water's  edge  there  is  another 
level  space  which  enables  people  to  walk  around  the  pond.  From  the 
edge  of  the  water  the  bottom  of  the  pond  deepens  rather  rapidly 
for  a  space  of  some  three  feet,  and  there  reaches  the  general  level  of 
the  bottom,,  which  is  about  two  feet  below  the  level  of  the  water. 
The  greatest  depth  of  a  pond  is  about  three  feet  and  is  always 
toward  the  water-gate  by  which  the  pond  communicates  with  the 
canals.  The  bottom  is  of  soft,  dark  mud,  several  inches  thick,  into 
which  the  tortoises  are  able  to  retire  to  pass  the  winter. 

On  a  turtle-farm  one  or  more  of  the  ponds  is  always  reserved  for 
large  breeding  individuals,  or  "parents,"  as  they  are  called.  The 
just-hatched  young  or  the  first-year  ones  must  have  ponds  of  their 
own,  as  must  also  the  second-year  ones;  those  of  the  third,  fourth, 
and  fifth  years  may  be  more  or  less  mixed. 

In  order  to  give  a  connected  account  of  the  raising  of  tortoises,  we 
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Blight  b^io  with  a.  description  of  the  pond  for  Urge  breeding  Inifi- 
viduals,  or  "parents,"  and  with  ao  account  of  egg-Ia)'ing  and  hatcluD|. 

The  "parents'  pond"  does  not  differ  in  any  retoarkablc  way 
from  the  general  plan  of  a  pond  given  above.  Usually  one  of  the 
largest  ponds  ia  chosen,  and  it  can  be  ditttingui»hed  from  the  otbon, 
because  one  or  two  of  its  slopes  are  usually  kept  up  very  carefully, 
while  the  oilier  slopes,  or  those  of  other  ponds,  are  apt  to  be  wont  hy 
rain  aud  wind  and  to  become  rugged.  These  well-kept  slopea  are 
invariably  on  the  warmer  sides,  where  the  sun  pours  down  its  mid- 
summer rays  longest,  and  are  carefully  worked  over  in  the  sprini; 
ao  that  the  tortoises  will  6nd  it  easy  to  dig  holes  in  them.  In  the 
breeding-reason  these  sides  are  seen  to  be  covered  with  wire 
whicb  mark  the  places  where  the  eggs  have  been  laid. 

Copututioii  tukes  place  on  the  nurfacc  of  the  water  in  the  spri^ 
Egg-depogition  begius  in  llie  \&at.  part  of  May  and  continues  up  to 
the  middle  of  August.  Each  female  lays  during  that  time  two  to- 
four  deposits,  the  number  differing  with  individuals  and  with  years.' 
The  proce.4s  of  egg-depuHitiun  \h  verj'  interesting.  A  female  curoes  out 
of  the  water  and  wanders  about  a  little  while  on  the  banks  of  the 
pond  in  searcli  of  a  suitable  locality  in  which  to  deposit  eggs.  Hav- 
ing linally  chosen  a  spot,  with  her  head  directed  up  the  bank,  she 
firmly  implants  her  outstretched  forefeet  on  the  earth,  and  during 
the  whole  operation  never  moves  these.  The  process  of  cgg-depofi- 
tion,  which  takes  altogether  about  twenty  minutes,  may  be  divided 
into  three  portions,  occupying  about  the  same  length  of  time,  oamely: 
(I)  di}!;Ki"g  a  hole,  (2)  dropping  eggs  in  it,  and  (3)  closing  the  bole. 
The  dicing  of  the  hole  is  dooe  entirely  with  the  bind  legs.  Each, 
with  its  nails  outstretched,  is  moved  firmly  from  side  to  side  —  that 
ia,  the  right  foot  from  right  to  left  and  the  left  from  left  to  right, 
and  the  two  are  worked  in  a  regular  alternation,  while  the  body  a 
swaye«l  a  little  from  side  to  side,  accompanying  the  motion  of  the 
legs.  Tlie  force  put  in  tlie  lateral  pressure  of  the  feet  is  so  strong 
that  the  earth  tliat  has  been  dug  out  is  sometimes  thrown  off  to  a 
distance  of  10  feet  or  more,  although  the  largest  part  of  it  is  heaped 
up  around  the  hole.  Digging  seems  to  be  continued  as  long  as  there 
is  any  earth  within  the  reach  of  the  legs  to  be  brought  up.  The 
result  is  a  squarish  hole  with  the  angles  rounded  off,  and  althougli 
itssiee  difTcrs  with  theisize  of  the  female,  it  is  generally  about  three  to 
four  inches  across  at  the  entrance,  with  the  dc|>th  aud  width  inside 
about  four  inches  or  more.  When  digging  ia  finished  e^^  are  dropped 
from  the  cloaca  into  the  hole,  which  naturally  lies  just  below  it- 
The  eggs  ore  heaped  up  without  any  order,  but,  there  being  no  cha- 
lazs,  the  yolk  Is  able  to  rotate  in  any  direction,  and  the  blastoderm, 

'  Sw  my  Dnt«B:  "  Huw  many  lim«c  doea  the  sn^nilng-turtle  lay  eggs  in  ooi 
seasonT"  Zoolaffical  Magatiiu,  vol.  rn,  p.  143, 1806,  Tokyo. 


{ 


i 


CULTIVATION  OF  MARINT:   ANTOALS  IN  JAPAN     690 

having  the  least  specific  gravity,  always  occupies  the  highetit  spot 
of  the  yolk  in  whatever  position  (tie  egg  may  hapiien  to  be  dropped. 
The  eggs  are  generally  spherical  in  shape,  although  nometimcK  more 
or  less  oblate.  Their  diameter  is  in  the  neighborhood  of  twenty 
miliimeters,  the  largest  being  as  large  as  twenty-four  millimeters, 


^ 


• 


Fio.  2. -Section  and  plan  of  a  turtl«-pond 


the  Others  smaller  according  to  the  siao  of  the  females.  The  number 
of  eggs  in  one  deposit  varies  from  acventecn  or  eighteen  up  to  twenty- 
eight  or  more,  the  smaller  individuals  produi;ing  the  smaller  number. 

When  the  eggs  have  all  been  deposited,  the  turtle's  legs  are 
ag^n  put  in  requimtion,  this  time  to  till  up  the  hole,  which  is  done 
by  alternate  motions  as  before.  The  earth  about  the  hole  in  uacd  at 
first,  but  search  is  made  for  more  loose  earth  for  &  little  distance,  aa 
far  around  as  the  legs  can  reach  with  a  slight  motion  of  the  body 
cither  to  the  right  or  left  without  moving  the  front  legs.  Toward 
the  end  of  the  process  the  loose  earth  is  trampled  donTi.  When  the 
hole  is  well  filled  up  to  the  level  of  the  ground,  the  turtle  turns 
around  and  goes  immediately  down  into  the  water,  not  casting  oven 
one  backward  glance. 

I  have  noticed  an  interesting  contrast  between  the  behavior  of 
Trionyx  and  of  Clemmye  during  the  egg-deposition.  If  one  wants 
to  wateh  a  Trionyr  depositing  eggs,  one  has  to  crawl  on  all  fours 
behind  the  plank  wall  of  the  pond  and  peep  through  a  hole,  being 
careful  not  to  show  one's  self.  The  moment  the  enapping-turtle  sees 
any  one,  it  stops  in  whatever  part  of  the  egg-laying  process  it  may  bo 
engaged  and  plungea  straight  into  the  water.  Utterly  different  is  the 
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behavior  of  Clemmys.  When  once  it  begins  the  process  of  e^-Uymg 
it  is  never  deterred  from  oarrj-ing  it  out,  no  matter  how  near  or  how 
lx)ld!y  one  may  appniftt^h.  Whenever  I  watched  a  Clemmys  working 
away  in  the  direct  nudsummer  rays,  with  it«  carapace  all  dried  up 
and  with  ita  oyea  alone  moist,  I  could  nut  help  comparing  it  to  a  stare 
of  duty  ruifUUog  his  fate  with  tears  lu  hid  eyes.  What  causes  sucb 
a  difference  of  behavior  in  the  two  species?  What  is  its  aigttificuiM7 
What  <Ufference  in  the  nervous  system  corresponds  to  itT 

The  traces  of  a  Eipot  where  the  nnapping-turtle  has  laid  eggi  lie 
(I)  the  two  marks  made  by  the  forepawB  holding  on  to  the  earth 
during  the  whole  operation,  and  (2)  a  di:tturl)cd  place  some  distance 
back  of  tho  liue  uf  the  forepawa  where  the  hole  fans  been  mado;  The 
three  marks  are  at  the  angles  of  a  tnangle.  I  have  noticed  a  ^-617 
intercstinK  fact  in  r^ard  to  these  traces.  When  a  young  female  b 
depositing  her  first  eggs,  she  is  very  clumsy,  the  hole  being  badly 
made  and  the  filling-in  of  It  very  imperfect,  so  that  often  a  part  of  it 
remains  o|)eii.  Old  femaleit  are  extremely  neat  in  their  doings,  and 
one  can  determine  at  once  the  age  and  size  of  tho  female  by  the 
skill  displayed  and  by  the  distance  between  the  three  marks  of  egK- 
deposition.  This  shows  that,  although  the  elaborate  actions  neces- 
sary in  egg-lnying  must  be,  in  the  main,  due  to  instinct,  each  indi- 
viduiil  has  to  add  its  own  experience  to  the  inherited  impulses,  and 
is  able  thus  only  to  accomplish  the  desired  end  with  perfection. 

In  Hattori'.i  furm  u  pcnion  goes  around  the  "parents'  pond"  oner 
a  day  or  so  and  coven)  up  with  wire  baekcts  all  the  new  deposits 
made  since  the  lost  visit.  Kach  basket  may  be  markeoi  with  the  date 
if  necessary.  This  covering  serx-cs  a  twofold  purpose,  —  the  obviou* 
one  of  marking  the  place,  and  in  addition  that  of  keeping  other 
females  from  digging  in  the  same  spot.  When  hundreds,  or  e^-en 
thousands,  of  these  basket.?)  are  seen  along  the  bank  of  a  "parents' 
pond."  it  in  a  eight  to  gla^ldcn  the  heart  of  an  ombr>'ologist,  to  say 
nothing  of  that  of  the  proprietor. 

The  hatching  of  the  eggs  takes,  on  an  average,  sixty  days.  The 
time  may  be  considerably  shortened,  or  lengthened,  according  to 
whether  the  summer  is  hot  and  the  sun  pours  down  its  strong  rays 
day  after  day,  or  whether  there  is  much  rain  and  the  heat  not  great- 
It  may  become  less  than  forty  days  or  more  than  eighty  days. 
By  the  time  the  last  deposits  of  eggs  are  made  in  the  middle  of 
August,  the  early  ones,  which  wore  laid  in  May  or  June,  are  ready 
to  hatch;  and  inasmuch  as,  if  small  tortoises  that  have  just  emerged 
from  the  eggs  are  allowed  to  get  into  the  "parents'  pond."  they 
are  devoured  by  their  unnatural  fathers  and  mothers,  a  special  ar- 
rangement has  now  to  be  put  up  to  prevent  this.  The  left  side  of  th« 
plan  in  Fig.  2  is  intended  to  show  this  arrangement.  Long  planks 
about  eight  inchee  vride  are  put  up  lengthwise  around  the  edge  of 
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iho  pond,  leaving  perhaps  one  foot  margin  betweeo  them  and  the 
water.  'IVo  successive  planks  are  not  placed  contiguous,  but  a  space 
of  about  three  fput  in  loft  between  every  iwo,  and  i-Iosod  by  a  bam- 
huo  screen  put  up  in  the  Bhu]M!  of  an  arc  of  a  circle,  with  iUi  cou- 
vexily  louiird  thi?  pond.  Tlius  tlio  slopii  nr  t.lit'  bunk  where  I.lie 
eggs  have  Urvn  df-pnsitcd  is  ronipliMely  cut.  ofT  fruni  the  jiond  it-self. 
In  the  centre  of  every  {xjeket-like  urt^liett  spavts  miule  by  a  bamboo 
screen  an  earthenwun?  jur  i?^  pltu^<>d,  with  it»  top  on  llio  Icvnl  of 
the  ^ound,  and  some  water  is  put  into  ii.  This  elaborate  arrange^ 
mcnt  is  for  Iho  reception  of  the  young  tortoises,  which,  as  soon  as 
tlioy  break  through  the  eeg-sliells,  —  those  belonging  to  tlie  »ame 
(lop()i^it  generalty  coming  out  nt  the  same  timf.  —  urawl  up  lo  ihe 
aurface  of  the  ground  by  a  hole  or  holes  made  by  themselves,  and  go 
slniight  down  the  incline  toward  the  pond,  as  naturally  as  (he 
duL-kling  tnkep  lo  the  water.  They  are  stopiwd,  however,  in  their 
downward  hydrotuxic  course  by  the  planks  put  up,  as  stated  before, 
imiund  the  pmul,  nnd  thej'  crawl  ahmg  tlie  length  of  the  plunks, 
tiiid  Hiu)ner  or  later  dnjp  into  llie  jars  placed  in  thn  lece^ses  be- 
tween every  two  platiks.  A  man  going  around  once  or  twiw  a  day 
can  easily  rnllert  from  ihcst;  jtirs  all  Llic  young  liatrlied  since  the 
last  viHit. 

The  young  junt  hatched  are  put  into  a  piinil  or  pnndsby  thetnBelvea 
and  given  finely  chopped  meat  of  a  fiph  like  the  pilchard.  This  is 
continued  through  September.  In  Ociobor  Trionyx  ceases  to  take 
food,  and  finally  burrows  into  the  mtiddy  boilom  of  the  pond  lo 
hibtrtmli',  coming  uul  oidy  in  April  or  Mtiy.  The  young  are  called 
the  firsl-year  oiii'.-*  until  tliey  cuino  out  of  iheir  winlt^r  sleep,  when 
they  are  called  the  aet-ond-yeur  young.  Al  fii-st  Ihe  same  kind  of  food 
tK  given  these  as  Lliat  giveti  to  the  fiinL-year  ycmiig.  but  snidually 
(his  may  be  rt-phured  by  that  given  to  older  individuals,  namely, 
any  fiBh-ment  or  crushed  bivalves,  etc.  From  the  Third  to  the  fifth 
ywir,  inchwive,  the  yimiij^  need  not  lie  kept  in  pond.x  strielly  accord- 
ing to  age,  but  mjiy  lie  ninri*  or  lais  mised,  if  necessary,  l"he  young 
of  these  years  are  also  the  best  and  most  delicate  for  eating,  and 
are  tlie  ones  miwt  sold  in  the  market.  In  the  sixth  year  they  reach 
maliirily.  and  may  be^n  to  drpiij^it  rgg{>,  although  not  fully  vigorous 
till  two  or  three  years  later.  How  old  these  snapping-iurtlea  live  lo 
be  is  not  known.  Those  one  foot  and  more  in  length  of  carapace 
must  be  many  years  old.  The  fo.llowiiig  table  gives  the  average  size 
of  the  carapace  and  the  weight  of  the  young: 
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Leni^h  in  Breadth  Weight  ia 

Ags.                                oenltme-  in  oeoti-  gnuiu. 
(era.                meters. 

Juit  hatclMd  2.7  2.& 

FintjTMr 4J                4.2  33 

Seeondvesr....^.........               10.2                8.8  IflS 

Thlntyeu  y,,,              12.5              10.5  300 

Pourthj-MT ISO              13.5  503 

RftbrMT    17J              1&.1  750 

One  of  the  most  important  questions  in  turtle-farming  is  that  of 
food-supply.  The  profit  depends  largely  on  whether  a  conKtani 
supply  of  healthful  food  can  be  obtained  cheaply  and  abundantly. 
In  the  Hsttori  farm  chief  dependence  in  this  respect  is  laid  on  the 
"ehiofiUti"  shell  (Xfadm  vmcriformis,  Deehayee)  which  occurs  in 
enonnous  quantities  in  the  Bay  of  Tokyo.  Those  shells  are  crushed 
under  a  heavy  miHstonc  rolled  in  a  long  groove  in  whi«h  they  are 
placed.  Other  kinds  of  food  given  are  any  dried  fiah-eeraps.  silkworm 
pups,  boiled  wheat-grains,  etc, 

A  curious  part  of  the  ecological  relations  of  a  turtle-pond  is  this: 
It  would  be  supposed  that  putting  other  animals  in  the  same  pond 
with  the  enapping-turtles  would  be  detrimental  to  the  welfare  of 
the  latter,  but  experience  haa  proved  just  the  contrary.  1 1  is  now  found 
beet  to  put  eui-h  fialien  as  carp  and  ecla  in  the  same  ponds  with  the 
turtles.  The  reason,  I  ara  told,  is  that  these  fishes  stir  up  mud  and 
keep  the  water  of  the  pond  always  turbid,  and  this  is  essential  to 
the  welt-being  of  the  turtles,  as  is  proved  when  the  messmates  are 
taken  out  of  the  pond.  Dirt  and  mud  then  settling  down,  and  the 
water  becoming  clear  and  transparent,  the  turtles,  which  are  ex- 
tremely timid,  will  not  go  about  searching  for  food,  and  thus  very 
undesirable  results  are  brought  about. 

The  business  of  tunle-raising  has  thrived  well.  When  I  first  be- 
came acquainted  with  the  turtle-farm,  now  over  twenty  years  ago. 
it  was  a  small  affair  with  only  a  few  small  ponds,  and  the  eggs 
hatched  out  in  one  year  were,  all  told,  not  much  over  KXXJ.  Now 
the  enterprise  euibraces  three  establishments:  (I)  The  original  farm 
at  Fukagawa.  Tokyo,  now  enlarged  to  seven  acres;  (2)  the  large 
farm  at  Maisaka,  near  Hamamatsu,  province  of  Totomi,  over  25 
acres,  whither  the  main  part  of  the  business  haa  been  transferred; 
and  (3)  the  second  farm  iu  Fukagawa,  about  two  acres  in  extent. 
These  three  establishments  together  will  yield  this  year  (1904) 
about  4100  egg-deposits,  which  means  82,000  ^gp,  counting  2U  eggs 
to  a  depo.iit  on  an  average.  Probably  70,000  young  will  be  hatched 
from  these,  and.  deducting  10  per  cent  Iom  Iicforc  the  third  year, 
there  will  be  about  60,000  "euppon"  ready  for  the  market  in  three 
years.  The  turtles  sold  in  a  year  in  Osaka,  Tokyo,  Nagoya,  and  a 
few  other  towns  weigh  about  2000  kwan  ( =  16,500  pounds),  and  are 
worth  about  6.50  to  7.50  yen  (I  yen  b|0.50)  per  kwan. 
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There  are  eeveral  minor  turtle-farms  beaides  Ihose  mentioned 
above,  but  as  they  are  alt  modeled  after  those  under  Mr.  Uattori's 
management,  they  need  not  be  descriljed  further. 


The  Ooldfiik  (Cotomiuc  auruivx,  LiDrueus) 

^le  goldfish  ia  the  rlmracteristically  Oriental  domesticated  fi.^. 
Ito  bMUtiful  bright  coloration  and  graceful  form,  with  lonp;,  flowing 
fins,  appeal  moFtt  strongly  to  one's  sense  of  the  beautiful.  It  aUo  is 
intensely  inlc>reRting  from  the  srieniifio  xtandpoint,  and  proves  a 
source  of  endless  surprises  lo  iha  biulugteit.  for  it  is  a  pUtstic  material 
with  which  skillful  breeding  eaii,  witliin  certain  limita,  do  almost 
anythioK.  Our  Koldfiah-breeders  eeem  to  have  understood  the 
principle  of  "breeding  to  a  point"  to  perfection,  and  1  have  often 
been  interested  in  hearing  some  of  them  talk  in  a  way  which  re- 
minded me  of  piissagCH  in  the  Origin  of  fiptKirs  or  othpr  Dar- 
mninn  writings.  This  must  b«  considered  remarkable,  for  these 
breeders  are.  as  a  general  thing,  without  much  education,  and  have 
obtained  all  their  knowledge  from  the  pnictinil  handling  of  the  fish. 

The  history  of  the  goIU- 
fieh  is  loat  in  obscurity. 
Like  80  many  things  in 
Japan,  it  seems  to  1»  an 
importation  from  China. 
There  is  a  record  that 
about  four  hundred  years 
ago  —  that  is,  about  the 
year  1500  —  some  goldfish 
were  brought  from  China 
to  Sakjii,  a  town  near  Osaka.  The  breed  then  brought  in  is  said  to 
be  that  now  known  as  the  "wakin."  There  must  also  have  been 
several  later  importations,  and  the  Japanese  must  have  improved 
vantly  on  the  original  forms,  aa  in  so  many  otber  cases  of  things 
introduced  from  foreign  countries.  Several  varieties  have  thus  re- 
euJlod,  but  before  proceeding  to  describe  those  1  may  say  a  few 
words  about  goldfish  in  general.  A  characteristic  of  tb«  goldfi.<ih, 
no  matter  of  what  variety,  is  that  the  black  pigment  with  which 
the  body  is  uniformly  colored  when  first  hatched  from  the  egg  dts- 
appcars  in  a  year  or  so  and  gives  place  to  bright  colors,  which  ore 
of  various  shades  between  carmine  and  vermilion  red,  and  which 
may  be  either  spread  all  over  the  body  or  variegated  vnth  white  in 
various  degreea  A  fish  that  is  entirely  white  feteliea  no  price  in 
the  market,  and  is  mercilessly  eliminated  in  the  &rst  year.  A  fish 
with  the  white  body  variegated  with  red  around  the  lips  and  on 
the  opercula  and  all  the  Bns  is  considered  to  have  the  hesL  colora- 


Fig.  3.  —  Ilijigntiii  of  tlic  Uilof  aKaiiUisti. 
a,  Tlirw-lobed;  b,  four-lobea. 
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tion.  The  dorsnt  fin  is  either  single  or  absmt.  The  tail  may  roniain 
simple,  is  in  ordinan-  fishes,  but  should  brat  split  open  and  spread 
out  horizontally,  when  it  Is  therefore  thrce-Iobcd  (Fig.  3,  a),  but 
quite  as  frequently  it  miiy  be  split  in  the  mcdiikn  lines,  when  it  is 
four-lobod  (i''ig.  3,  6).  The  anal  £q  may  also  very  often  split  open 
and  become  paired. ' 

There  are  five  well-egtablished  varieties  of  the  goldfish  in  Japan, 
and  in  addition  one  or  two  which  have  not  become  so  common  as 
yet,  I  will  go  over  these  varieties  briefly: 

(1)  The  "wakin"  {literally  Japanese  goldfish).  This  has  a  shape 
oeareet  the  normal  form  of  a  fish.  The  body  is  slender  and  long, 
chMsly  resembling  that  of  the  common  crucian  carp.  The  tail  may 
be  angle,  vertical,  and  normal,  but  should,  to  be  a  good  form,  eplit 
open  and  become  either  three-lolied  or  foiir-lobed.  Tliis  may,  in 
short,  be  characterized  as  the  bright-colored  variety  of  the  common 
Cara»eiua  auratus,  with  or  without  the  modihed  tail. 

(2)  The  "lyukin"  (literally  "Loochoo"  goldfish),  also  called  the 
"Nagasaki."  The  first  name  may  possibly  denote  whence  the 
variety  came  originally.  The  body  is  strikingly  shortened,  —  this 
being  one  of  the  points  to  which  the  variety  was  bred,  —  and  has 
a  rounded,  bulged-out  abdomen.  The  tail  and  aEl  the  tins  are  long  and 
flowing,  the  former  being  an  long  as  or  oven  longer  than  the  body. 
This,  in  my  opinion,  is  the  most  beautiful  breed.  A  "rj'ukin"  two 
or  three  years  old,  slowly  swimming  with  its  long,  flowing,  graceful 
fins  and  tail,  full  of  quiet  dignity,  I  can  liken  to  nothing  so  much 
as  to  Japanese  court  ladies  of  olden  times,  dressed  in  long  robes 
and  walking  with  quiet  grace  and  dignity. 

(3)  The  "ranchu,"  also  called  "maniko"  {literally,  roimd  fish)) 
"shishigashira "  (literally,  Uon-hcaded),  and  eometimes  "CorooQ 
goldfish."  This  is  distinguished  by  its  rather  broad  head,  its  extremely 
short,  almost  globular  body,  the  short  tail,  and  the  absence  of  the 
dorsal  fin.  Some  individuals  of  this  variety  develop  in  the  second 
year,  or  at  the  latest  in  the  third  year,  a  number  of  peculiar  wart- 
like prntubpranres  all  over  the  head,  making  it  look  as  if  it  had 
a  low  coxcomb  or  some  skin  disease.  Such  fish  are  called  the  "  shishi- 
gashira,"  or  "lion-headed."  This  variety  is  seen  often  swimming 
upside  down,  a  fact  with  which  the  absence  of  the  dorsal  fin  probably 
has  something  to  do. 

(4)  The  "oranda-shishigaahira"  (literally,  Dutch  lion-headed). 
The  adjective  Dutch  is  known  to  have  nothing  to  do  with  the  place 
of  origin  of  the  fish,  but  was  attached  to  the  name  to  denote  some- 
thing novel.  This  variety  was  produced  in  Osaka  in  the  forties  of  the 
\ait  century  by  crosang  the  "ryukin"  with  the  "ranchu."    There- 

'  7oT  further  details  see  S.  WhIsm:  On  thr  CaiuUit  and  AitaiFituoJ  OMfishta, 
Jtnaiud  8citnc€  Ct^leif$.  vol.  t,  p.  247,  pi.  xrm-xx. 
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[ore,  it  possesaefi  a  body  more  or  less  like  that  of  the  "ryukin"  with 
tb«  dorsal  fin,  but  from  the  second  year  or  thereabouts  the  bead 
begins  to  develop  the  WHrt-Iike  protuberances  described  under  the 
"ranehu."  When  fully  developed,  this  breed  is,  to  my  mind  at  least, 
anything  but  beautiful.  II.  in  cultivate<i  near  Kyoto  or  Osaka,  while 
the  "ryukin"  is  rt-arod  mostly  in  Tokyo. 

The  above  four  breeds  arc  common,  and  can  be  seen  in  almoBt 
any  goldfish-seller'e.  There  are  some  other  rarer  or  newer  varietke: 

(5)  The  "shukin."  This  is  a  breed  only  recently  produced  by  my 
friend,  Mr.  Akiyama,  a  skillful  goldfish- breeder  of  Tokyo,  and  abu 
produced  independently  in  Osaka.  It  was  obtained  by  crossing  the 
"oranda-ahishigoahira"  with  the  "ranrhu."  It  ia  " iion-headed, " 
—  that  is.  haa  wiirtis  on  the  h(!a.d,  —  has  the  globular  body  of  the 
"r&nohu"  without  any  dorsal  tin,  but  it  has  a  long,  Sowing  tail.  It 
may  be  characterized  a-s  &  long-tailed  variety  of  the  "ranehu," 

(6)  The  "dem^"  (literally  "protniding  eyes"  or  "teleswope- 
fish").  Contrary  to  what  is  stated  in  many  American  and  Euroi>«*n 
books,  the  telcHCope-fi»h  is  only  n  recent  introduction  into  Japan. 
In  fact,  it  was  brought  to  Japan  at  the  end  of  the  late  Japan-China 
war  (1894-95).  As  ie  well  known,  in  this  variety  the  large  eycbalb 
have  started  nut  of  the  skull  and  protrude  sideways  from  the  head, 
whioh  thus  somewhat  resembles  (although  only  superficially)  that  of 
the  hammer-headed  shark.  The  body  i.s  short:  the  color  is  yellowish. 
or  at  least  not  usually  bright  red,  and  often  has  black  spots  or  ir- 
regular black  patchetj  scattered  over  the  body.  It  should  be  stated 
that  the  hrst-ycar  young  have  the  eyes  in  the  normal  position,  the 
protrusion  occurring  gradually  in  the  course  of  growth  and  not 
through  any  arlifirial  devices.  These  fish,  when  fully  grown,  are  apt 
to  strike  their  eyes  against  the  sides  of  the  ponds,  tube,  etc.,  in 
which  they  are  kept,  and  to  injure  them  so  that  thej-  often  become 
blind.  In  nature,  therefore,  such  a  protruding  eye  must  be  a  dtBtincC 
disadvantage,  and  would  never  have  been  produced  except  by  arti- 
ficial selection. 

(7)  The  "dem(?-ranchu."  This  variety  is  not  yet  naturalited 
in  Japan,  having  been  imported  from  China  only  within  tbe  last 
two  or  three  years.  Of  all  the  extraordinary  and  odd'loolcing  fishes, 
it  certainly  is  far  in  the  lead  in  many  respects,  and  is  interesting 
as  showing  how  far  man  can  proceed  in  modifying  nature.  It  ia 
a  telescope-Ssh  with  a  short  globular  body  resembling  the  "raochu," 
and,  like  it.  without  the  dorsal  fin.  The  eyes  have  assumed  a  most 
extraordinary  position.  The  ordinary  telescope-fish  is  odd  eooi^. 
with  the  eyes  protruding,  but  in  this  variety  dislocation  has  gone  one 
step  farther.  The  eyes  have  not  only  started  out  of  the  head,  but 
have  turned  upward  ninety  degrees,  and  have  their  pupils  looking 
Straight  skyward.   For  tbia  reason  I  should  be  inclined  to  eoll  this 
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the  "astronomical  telescope-fish."    As  a  fish,  it  is  so  monstrous  that 
it  gives  one  almost  uncomfortable  feelings. 

It  is  an  interesting  fact  that  in  the  forms  without  any  dorsal  fin, 
many  yotmg  show  more  or  less  traces  of  that  fin.  Sometimes  there 
may  be  only  the  first  spine,  at  other  times  only  a  few  spines,  at  still 
others  a  little  bit  of  a  fin,  etc.,  showing  that  the  fin  must  have  been 
bred  oft  comparatively  recently. 

There  can  be  no  doubt  that  of  these  varieties  the  "wakin"  is  the 
most  primitive,  as  can  be  seen  from  its  shape,  as  well  as  from  the 
fact  that  it  is  much  hardier  than  the  others,  and  therefore  easier  to 
rear.  The  "ryukin"  is  next  the  "wakin"  in  its  nearness  to  the 
original  Carassiut.  It  is  still  like  an  ordinary  fish,  although  its  short- 
ened body  and  long,  Sowing  fins  show  that  changes  have  already 
gone  very  far.  The  "ranchu"  seems  farther  removed  from  the  orig- 
inal type,  as  its  globular  body  and  the  absence  of  the  dorsal  fin  well 
testify.  The  relations  that  these  three  varieties  hold  to  one  another 
are  involved  in  obscurity.  Some  think  that  the  "ryukin"  is  a  cross 
between  the  "wakin"  and  the  "ranchu,"  but  I  think  that  this  can 
hardly  be  so.  I  am  inclined  to  think  that  the  "ryukin"  must  have 
been  bred  from  ancestors  somewhat  like  the  "wakin"  by  careful 
selection,  and  that  the  "ranchu"  is  the  offshoot  of  another  branch 
which  must  have  separated  from  the  "wakin"  stem  very  early.  The 
cross  between  the  "ryukin"  and  the  "ranchu"  is  the  "oranda- 
shisbigashira,"  and  this,  crossed  again  with  the  "ranchu,"  is  the 
"shukin."  An  interesting  fact  is  that  in  the  first  cross  both  the 
dorsal  and  the  tail  fins  are  long,  but  in  the  second  cross  the  dorsal 
fin  is  lost,  while  the  tail  is  not  only  retained,  but  remains  long. 
Expressed  in  a  diagram,  the  supposed  genealogy  would  be  as  fol- 
lows: 


WA' 


ORANDA'-BHIBBiaAaHnw 


BHUKIN 
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The  goldfish  is  very  common  in  Japan,  and  more  or  less  reared  in 
all  parts,  but  the  main  centres  of  cultivation  are  Tokyo,  Osaka,  and 
Koriyama  (a  small  town  near  Nara,  where  almost  every  household 
engages  in  this  business).  Each  of  these  places  has  its  own  peculiar- 
ities in  the  method  of  raising,  but  the  differences  are,  on  the  whole,  in 
minor  details  only.  In  Tokyo  goldfish-breeders  are  all  located  in  low- 
lying  parts  of  the  city,  where  ponds,  a  sine  qua  non  of  tlus  business, 
can  be  easily  made. 

One  establishment  is  very  much  like  another,  the  principal  diftei^ 
ences  being  in  the  number  and  size  of  ponds.  There  is  always  a  num- 
ber of  shallow  ponds,  sometimes  to  the  number  of  ten  or  more. 
Shallow  dishes,  slung  by  three  strings  from  bamboo  poles  stuck  in 
the  muddy  bottom  of  the  pond,  are  the  dishes  in  which  food  is 
given  to  the  goldfish.  Besides  these  shallow  ponds  there  is  always 
a  large  number  of  shallow  cement  basins  of  various  sizes,  some  as 
small  as  three  feet  by  three,  others  as  large  as  twelve  feet  by  twelve, 
with  intermediate  sizes  of  all  sorts.  They  are  very  shallow,  be- 
ing not  more  than  a  few  inches  deep,  can  be  easily  drained  or  filled, 
and  can  be  shaded  or  exposed  to  the  sun  at  will.  A  visit  to  such 
an  establishment  would  delight  the  hearts  of  not  only  children,  but 
grown-up  persons  who  love  bright  colors  and  graceful  forms,  for  the 
ponds  are  full  of  brilliantly  colored  fish  of  all  ages  and  sizes.  Here 
are  huge  foxui.h-year  "wakin,"  there  graceful  second-year  "ryukin," 
off  there  fine  "ranchu."  Ornamental  little  carps,  little  tortoises,  and 
tiny  fish  called  "medaka"  (Aplocheilus  latipes)  are  also  generally 
found  in  the  goldfish-breeders'  establishments. 

The  process  of  rearing  goldfish  is  in  its  main  outline  as  follows: 
Large  goldfish  that  are  three  or  four  years  old,  with  good  forms  and 
healthy  in  every  respect,  are  carefully  selected  for  the  purpose  of 
breeding.  This  takes  place  any  time  between  the  last  part  of  March 
and  the  middle  of  June,  the  usual  time  being  in  April  and  May.  At 
this  season  the  color  of  the  fish  becomes  more  brilliant  than  ever,  and 
small,  low  warts  that  can  barely  be  felt  with  one's  finger  are  said  to  be 
produced  on  the  opercula  of  the  male.  Both  sexes  crowd  together, 
causing  great  commotion  in  ponds  in  which  they  are  kept.  Plenty  of 
awater-weed  ("kingyomo,"  or  "matsumo,"  Ceratopkytlum  demersum 
Linnaeus) ,  or  bundles  of  fine  roots  of  the  willow-tree,  are  placed  in  the 
pond,  and  on  them  the  goldfish  lay  their  eggs.  It  is  an  interesting 
fact  that  goldfish-breeders  are  able  to  control,  within  a  certain  Umit. 
the  time  of  deposition  of  eggs.  If  the  fish  are  given  plenty  of  food 
beforehand,  and  then  the  water  of  the  pond  in  which  they  are  kept  is 
renewed,  or  if  they  are  placed  in  another  pond,  they  will  deposit  eggs 
in  a  day  or  two.  On  the  contrary,  if  they  are  underfed  and  kept  in  the 
same  stagnant  water,  they  will  desist  from  depositing  eggs,  sometimes 
altogether. 
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The  eggs  lake  eight  to  nine  duya  to  bat«li.  Tlin  young  for  the  first 
few  dsjrs  ate  giveii  the  yolk  of  hen's  eggs,  boiled.  Food  is  usUHlty 
given  them  on  shallow  earthenware  plates,  slung  by  three  strings 
from  a  bamboo  pole  for  the  youngest,  these  plates  being  kept  at  the 
depth  of  a  little  over  one  inch  below  the  aurfuce  of  the  water.  For  the 
next  two  or  three  weeks  the  yoiing  are  given  various  kinds  of  fresh- 
water Copepoda.  Theee  the  goldfish- breedere  prepare  beforehand  in 
a  separate  pood,  for  they  have  the  knack  of  producing  these  watei^ 
fleas  In  any  quantity  they  need  at  any  lime  they  like.  After  Copepoda 
succeeds  the  ordinary  food  of  the  goldfiBh,  such  as  freeh^water  carth- 
wormB,  boiled  cracked  wheat,  etc.  It  is  eeaential  for  the  growth  and 
health  of  the  fish  that  they  be  kept  as  warm  as  possible;  hence,  the 
ahaltow  earthenware  dishes  from  which  they  are  fed  are  kept  at  first 
—  that  18,  when  tlie  fish  are  first  hatched,  and,  therefore,  in  the  hot 
aeason  —  only  a  little  over  ao  inch  below  the  surface  of  the  water. 
With  the  growth  of  the  young  and  the  approach  of  the  colder  weather 
they  are  gradually  put  down  lower  and  lower,  until  in  the  winter  they 
are  don-Qoearlyten  inches,  such  a  depth  being  naturally  warmer  than 
nearer  the  ver>-  surface  of  the  water. 

Among  the  young  fish  all  Borts  ami  conditional  of  the  body  and 
the  fin*  are  found,  —  that  is,  all  forms  intermediate  between  those 
cloeeiy  resembling  the  normal  crucian  carp  with  a  long,  slender  body, 
the  unsplit  tail  and  anal  fimi,  etc.,  and  thotte  wliii-h  arc  extremely 
motUfied,  &a  shown  in  the  varietal  types  described  above.  If  a  lot  of 
young  contains  a  large  percentage  of  thosK  with  the  uuspUt  tail,  it 
ia  considered,  from  the  commercial  standpoint,  a  failure,  for  these 
latter  are  only  a  fraction  of  the  .split-tailed  in  price.  In  some  ex- 
periments I  have  tried,  it  wua  found  that,  in  csclecting  for  breeding, 
the  adults  which  have  the  split  anal  fin  Rive,  on  the  whole,  better 
results  than  those  with  a  angle  anal.  It  i&  needless  to  say  that  all 
undesirable  one«  are  early  eliminated. 

All  the  young  ju.it  hatched  are  dark  in  color,  the  bright  colore 
coming  only  later.  A  great  deal  of  experience  and  skill  is  needed  in 
makini;  the  goldfieh  change  its  color  From  black  to  red.  If  a  person 
who  is  not  an  expert  tries  his  hand  at  raising  a  lot  of  young  goldfish, 
he  will  find  to  his  sorrow  that  the  Hah  remain  black  and  do  not  assume 
bright  colors,  while  Ihotic  which  may  be  from  the  verj'  same  lot  of 
eggs,  hut  have  been  under  the  care  of  a  professional  breeder,  may  have 
all  donxKd  the  beautiful  hnes.  The  es.<i(>ntial  points  to  be  attended  to 
in  bringing  about,  this  change  seem  to  he  ( I)  that  the  young  fish  shovild 
be  given  plenty  of  food,  (2)  that  they  should  Iw  exposed  to  the  sun's 
rays  and  be  kept  as  warm  an  possible,  and  (3)  that  the  water  of  the 
pond  in  which  the  young  arc  kept  should  be  changed  occasionally, 
although  sudden  transfer  from  warm  to  cold  water  in  the  middle  of 
the  day  Is  to  be  avoided.  The  change  of  color  be^ns  in  about  sixty  to 
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eighty  days  from  the  time  of  hatching,  asd  by  the  middle  of  August 
the  Bah  should  all  have  lost  the  dark  pigment,  and  acquired  bright 
colors.  I  am  told  a  curious  fact,  —  that  the  fish  which  change  thm 
color  earliest  are  apt  to  be  white,  or  variegated  white  and  red,  while 
those  t^t  change  later  are  apt  to  be  uniformly  red.  What  can  be 
the  significance  of  such  a  fact?  I  am  also  told  that  by  the  middle 
of  August  of  the  second  year,  all  the  individuals,  however  obstinate, 
change  their  color.  It  is  worth  while  determining  whether,  even  if 
the  young  are  left  to  themselves  and  not  given  the  care  which  they 
receive  at  a  breeder's,  they  wiU  change  color  by  the  summer  of  the 
second  year. 

White  is  commercially  worthless,  and  is  ruthlessly  weeded  out.  It  is 
also  said  that,  to  improve  the  brightness  of  the  color,  the  fish  should 
be  somewhat  underfed,  —  that  is,  should  be  given  about  80  per  cent 
of  the  ordinary  feed.  In  Koriyama  they  have  the  trick  of  bleaching 
out  white  spots  in  the  red,  by  applying  some  mixture.  The  result, 
I  think,  is  not  worth  much. 

I  have  by  no  means  exhausted  the  subject  of  the  goldfish;  in  fact, 
I  doubt  whether  any  one  can  write  all  the  minute  details  of  the  art  of 
goldfish-raising.  But  I  think  I  have  said  enough  to  show  how  full  of 
interest  goldfish-breeding  is,  not  only  from  the  commercial  or  sesthetic 
point  ofview,  but  from  the  pxirelyscientificstandpoint.  Amost  casual 
glance  shows  it  to  be  full  of  problems  which  have  ever  attracted  the 
serious  attention  of  biological  investigators. 

I  have  just  now  no  available  statistics  in  regard  to  the  output  of 
goldfish,  but  the  number  produced  must  be  millions  upon  milhons. 
It  shows  the  power  of  children  in  the  nation,  for  they  are  par  excel- 
lence the  customers  of  these  establishments.  It  is  said  that  in  the  old 
regime,  even  in  years  when  a  famine  was  stalking  in  the  land  and 
hundreds  were  dying  from  starvation,  there  was  a  tolerable  trade  in 
goldfish,  proving  the  truth  of  an  old  proverb:  "Crj'ing  children  and 
landlords  must  not  be  disputed."  Landlords  are  not  now  tyrannical 
as  of  yore,  but  children  have  not  abated  their  power  in  the  slightest 
degree,  and  that  they  do  not  get  the  moon  seems  simply  to  be  due  to 
the  fact  that  it  involves  an  impossible  feat  for  their  parents. 

The  Carp  (Cyprinus  carpio  Linnffius) 

Closely  connected  in  some  respects  with  the  culture  of  the  snapping- 
turtle  and  of  the  goldfish  is  that  of  the  c&rp.  As  stated  before, 
the  carp  is  put  in  the  same  pond  with  Trionyx  ;  and  the  raising  of 
the  ornamental  varieties  is  generally  undertaken  by  goldfish-breeders. 
There  are  several  breeds,  among  which  the  red  carp  ("higoi"),  the 
"hokin"  {literally  "gold-cheeked."  with  the  operculum  of  the  gold  or 
silver  color),  and  the  "goshiki-goi "  {literally  "five-colored,"  or  varie- 
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gated)  are  the  most  common.  Travelers  in  Japan  must  have  noticed 
in  ponds  belonging  to  various  tcniple-groundii  thetM!  ornamental  carps 
which  often  reach  the  enormous  istzc  of  two  Tout  or  more,  and  which 
children  doliKht  in  feeding. 

The  ordinary'  carp  it-scif  has  been  ver^-  extensively  cultivated  from 
olden  times  in  Japan  in  ponds,  rcscn-oirs,  and  various  other  bodies 
of  water^  and  the  business  has  been  conBideFed  proStabIc,  as  the  fish 
commands  a  romparatively  high  price- 
Around  or  near  Tokyo,  cnpcdtJly  in  the  district  called  Fukogavra, 
there  have  sprung  up  within  the  last  twenty  years  a  number  of  carp- 
cultiu-c  eatablishments,  Thoy  carry  out  at  the  eamo  time  and  in  the 
game  ponds  the  euUure  of  the  eel  and  of  the  Rray  mullet  ("ina,"  or 
"bora/*  Afuffil  oeur  Forskai),  the  three  hshea  Koing  well  together  and 
b«ng  consumed  in  a  great  extent  in  the  city  of  Tokyo.  It  is  estimated 
that  there  arc  in  this  small  district  alone  225  acres  devoted  to  carp- 
culture,  producing  annually  406,000  pounds  of  the  meat  of  this  fish, 
valtied  at  30,000  yen  at  the  wholesale  price,  and  furnishing  a  large 
part  of  the  supply  for  Tokyo  and  its  neighborhood.  1  ought  to  add 
that  Mr.  Hnttori,  who  is  the  proprietor  of  the  turtle-farm,  was  laigely 
instni mental  in  developing  the  industry  in  this  region. 

Some  of  these  eatablishments  are  very  interesting.  A  vcrj'  large 
establishment  has  an  area  of  75  acres,  and  a  large  number  of  ponds, 
the  largest  of  which  are  about  live  acres  in  extent. 

The  earp  is  reared  from  the  egg  in  these  establishments.  In  May  of 
every  year  largo  adult  individuals  are  carefully  selected  for  breeding, 
and,  as  in  the  case  of  goldilsh.  eggs  are  made  to  be  deposited  on  the 
water-weed  ("matsumo")  or  bundles  of  fine  willow-roots,  where  they 
hatch  in  about  n  week.  The  young  are  some  five  millimeters  in  length, 
and  undergo  the  same  course  of  feeding  as  the  young  goldltah.  The 
rate  of  growth  depends  ver>-  much  upon  the  extent  of  the  crowding  in 
•the  ponds.  It  is  found  that  for  individuals  14  to  16  centimeters  long 
the  best  rate  of  distribution  is  about  two  for  every  "tsubo"  (six  feet 
square).  Skillful  cutturists  can  push  the  fish,  if  necessary,  to  the 
length  of  30  centimeters  in  the  first  year,  and  to  50  centimeters  in  two 
years.  They  are  put  on  the  market  any  time  after  the  second  year. 

Carp-culture  is  carried  out  extensively  in  parts  of  Japan  other  than 
Tokyo,  especially  in  mountainous  porta  where  sea-Bshes  can  bo  trans- 
ported only  with  difficulty,  and  the  industry  Js  spreading  more  and 
more  every  year  into  all  parts.  One  interesting  reason  for  this  is  found 
in  the  circumstance  that  wet  paddy-Gelds  in  which  rice  is  grown,  and 
which  occupy  such  a  large  portion  of  the  cultivated  area  in  Japan, 
are  found  in  many  low-lying  districts  to  be  excellent  for  the  raising  of 
the  carp.  The  rice-plant  not  only  does  not  receive  any  serious  injury 
from  it,  but  is  benefited,  because  many  insects  are  devoured  by  the 
carp.    In  the  prefectures  of  Nagano  (province  Shinano)  and  of  GIfu 
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(Province  Mino), carp-culture  has  progressed  very  far  in  this  way.  Id 
Nagano,  which  is  also  uoted  for  silkworm-raisiug,  abundant  food  for 
the  carp  ia  found  in  tlie  pupte  of  tlie  silkworm,  taken  out  of  the  co- 
coons when  these  are  reeled.  This  gives  a  bad  flavor  to  the  meat  of 
the  carp,  however,  which  has  therefore  to  undergo  the  process  of 
purifying  culture  before  it  auits  the  taste  of  the  fastidious.  In  one 
village  in  Shinano  (Sakurai  Mura)  the  agricultural  society,  whieli 
represents  the  wliole  village,  undertakes  to  utilise  250  acres  of  paddy- 
fields  in  the  village  in  this  way,  and  annually  raises  2&,OO0,O0O  young 
fish  to  be  sold  and  raised  in  the  eastern  provinces.  Id  Uino,  la  the 
prefecture  of  Gifu,  these  communistic  enterpruies  have  gone  farther. 
Tliere  land  is  partitioned  ufT  into  what  are  called  "embankment 
ateaa,"  — that  is,  areas  iucluHod  witlun  a  circle  of  embankments 
agsinat  the  overflowing  uf  lar^e  rivcni.  In  one  of  these  areas,  called 
tbe  Takaau  embankment  urea.  uU  the  villages  within  it,  mth  a  total 
of  75.UO0  acres  of  paddy^gelds,  have  combinedin the  btimness  of  carp- 
culture,  and  although  the  enterprLie  is  atill  in  ita  infancy,  succeeded 
in  realixing  4t(,U00  yen  in  IW2.  The  example  is  b«ing  followed  in 
other  areas. 


Tke  Ed  (A  nguitla  japonica  Tomminck  and  ScUegel) 


■ 


As  lutt  already  been  mentioned,  in  the  piscicultural  establish  menti 
in  Fukagawa,  Tokyo,  and  in  the  neighborhood  of  .Niaisaka,  pro\'inee 
Totomi,  the  snapping-turtlo,  the  carp,  the  eel,  and  tbe  gray  mullet 
<"ina  "),  especially  the  last  three,  are  often  cultivated  togethfir  in  (he 
same  ponds.  That  the  eel  finds  itself  one  of  this  trio  is  due  largely  to 
the  efforta  of  Mr.  Hattori,  the  expert  pisciculturist.  He  experimented 
long  as  to  the  best  way  to  make  ccl-culture  a  paying  btuinees,  and 
succccdod  so  well  that  this  is  now  the  most  profitable  of  the  three 
fishes  named. 

The  process  is  as  follows:  In  April  little  eels  that  are  brought  to  th« 
Tokyo  market  from  all  the  districts  around  the  capital  (Tokyo. 
Ibaraki,  Chiba,  Kanagawa,  etc.)  are  bought.  Tbey  arc  probably  in 
the  second  year  of  their  growth  and  are  about  15  to  25  centimeters  in 
length  and  weigh  3  to  20  grams.  They  are  put  in  the  same  ponds  with 
the  carp  and  the  gray  mullet  in  var\'ing  ratios,  although  the  total 
weight  of  the  fishes  put  in  should  not  exceed  6l0  grams  per  ]  tsubo 
(6  feet  square).  They  are  fed  abundantly  with  the  same  kinds  of  food 
as  the  carp  —  that  is.  crushed  mollusks,  earthworms,  etc.  It  is  a 
wonderful  sight  when  they  are  fed.  They  come  crowding  from  aD 
parts  of  the  pond  to  the  spot  where  food  is  given  them,  and  Uterslly 
thousands  are  seen  crowded  in  hopeless  tangles.  They  climb  in  thrir 
eagerness  some  distance  up  almost  vertical  wooden  walls,  and,  looking 
at  them,  one  begins  to  uudersLaud  how  eels  are  able  to  make  their  woj 
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int^  ponds  and  lakes  which  appear  inaccesaible  to  aay  Bsb  coming  up 
from  the  sea. 

By  July  they  weigh  on  an  average  40  grama  and  are  ready  to  bo 
aent  to  the  market.  When  they  were  put  in,  in  April,  they  were 
worth  0.80  yen  per  kwjimrao  (3.75  kilograms).  Three  months'  culture 
bos  raised  their  value  to  1.50  to  2  yen  per  kwammo,  giving  thua 
a  targe  margin  of  profit.  They  are  all  sold  by  April  of  the  next  year, 
when  the  hirgeat  reach  the  weight  of  about  IIO  grams.  Tho  ponds 
are  then  ready  to  receive  the  next  lot. 

Eel-culture,  &s  I  have  suiid,  has  been  mainly  developed  by  the 
efforts  of  Mr.  Hattori,  and  all  the  pincicultural  establishments 
which  are  more  or  loss  directly  connected  with  him  arc  engaged  in 
the  l>uHinc»s.  ThcKC  are  in  Fukogawa,  Tokyo,  and  in  Maisaka, 
Province  Totomi,  where  the  industr>'  is  bcii^!  very  widely  taken  up. 
I  believe  that  there  are  also  some  who  were  engaged  in  the  business 
before  and  without  any  relation  to  Mr.  Hattori,  but  I  am  sorry  I  can- 
not gather  any  facts  about  these  at  present. 

The  Cfray  MvUd,  "Ina"  ^Mugtl  oeur  Forekal) 

This  is  one  of  the  ooramoneet  Sshes  in  the  estuaries,  river-moutba, 
etc.,  of  Japan.  In  large  numbers  it  penetrates  brackish  ponds  or 
any  other  brackish  body  of  water,  where  it  nuiy  grow  to  a  large 
size  and  may  Ijc  gathered  in  by  the  proprietor  without  his  liaving 
spent  any  kbor  on  it.  Mr.  Hattori  tells  me  that  from  the  culturist's 
point  of  view  fear  is  not  that  there  may  be  too  few,  but  thai  there 
may  be  too  many,  of  this  fish  that  will  get  into  culture-poods.  The 
young  are  caught  in  April  with  a  net  in  the  sea  or  river  near  the 
establish ment.s.  At  that  time  they  are  no  more  than  4  to  5  centi- 
meters long.  They  are  divided  into  two  lots,  according  as  they  are- 
to  be  sold  that  year  or  the  next.'  Those  that  are  to  be  sold  that 
year  are  given  plenty  of  itpacc,  not  niorc  than  one  or  two  per  t»ubo 
being  put  in  ponds,  and  arc  fed  abundantly.  By  September  thoy 
attain  the  length  of  about  25  centimeters  and  weigh  225  to  860 
grams,  and  are  sold  for  0.50  to  0.80  yen  per  kwnmme.  They  are  all 
sold  by  the  end  of  the  year. 

Those  that  are  to  be  sold  the  next  year  are  not  allowed  to  grow 
larger  than  20  to  25  centimeters  before  April.  This  is  accomplished 
by  giving  them  not  too  much  food  and  by  keeping  them  in  ponds 
or  streams  where  there  is  a  good  circulation  and  &  current  of  water. 
It  is  found  that  those  with  plenty  of  fat  will  not  live  through  the  win- 
ter. They  are  all  sold  off  by  the  end  of  the  second  year,  for  beyond 
this  they  do  not  keep  well.  They  reach  the  length  of  33  to  40  centi- 
meters and  450  to  750  grams  in  weight,  and  fetch  0.70  to  1.10  yen 
per  kwamme. 
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I  should  (tay  that  practically  there  is  no  limit  to  the  demand  in  the 
Tokyo  market  ft)r  this  fish  or  the  eel.  They  can  be  sold  in  any 
quantity.  The  eame  is  true  more  or  ieas  in  oth«r  purls  ol  Japan. 


Salmon  and  Trout,  "Sake,"  "Masu,"  •' Bem'masu."    Oncorkynehtu 
keta  (Walbaum);  0.  Hmtck  (Walbaum);  0.  nerhi  0^'alb8um). 

The  salmon  that  lis  most  widely  distributed  and  most  abundant  In 
Japan  is  the  "sake, "  or  dog  salmon  (OncorhynckuB  ktia).  It  ascends 
all  the  rivers  of  Hokluudo  and  the  northern  half  of  Honshu  down 
to  near  the  Bay  of  Tokyo,  and  is  one  of  the  most  important  wealth- 
producing  fishes  in  flokkuido.  In  olden  times,  when  the  annual 
catch  was  not  so  great  as  at  the  present  day,  there  does  not  seem 
to  have  been  any  nectssity  for  artificial  culture.  Still  there  were 
some  attempts  at  the  propagation  of  the  fish.  For  instance,  on  the 
Sammcn  Ilivcr,  in  the  Provinrc  of  Echigo,  salmon-fishing  was  pro- 
hibited in  a  branch  of  the  river,  and  the  salmon  which  entered  it 
were  caught  only  after  they  had  deposited  ej^gs,  and  by  the  daimjo  to 
whom  the  district  belonged,  thus  securing  an  ineomc  for  him  and 
some  safety  for  the  salmon-eggs.  It  was  a  very  imperi'ect  method, 
but  still  an  attempt  at  propagation,  and  is  even  at  the  present  day 
practiced  at  the  same  place. 

The  modem  method  of  salmon-culture  is  taken  bodily  from  the 
American  method,  eo  1  can  communicate  Dothing  that  ts  new  in 
America.  As  early  as  1876  a  Mr.  Sekizawa,  then  an  oflicer  of  the 
Home  Department,  inspected  and  carefully  examined  ealmon-  and 
trout-culture  in  America,  and  on  his  return  started  experimenting 
on  them,  whiL*h  was  largely  imitated  in  the  hofw  that  these  delicious 
hsbcs  might  be  easily  increased  and  propagated.  But  theoe  undei^ 
■takings  were  mostly  on  too  small  a  scale  and  no  important  rcsuitt 
came  of  them,  except  that  Chuzenji  Lake  at  Nikko  was  stocked  witll 
some  American  trout  about  this  time  and  has  since  become  tolerably 
full  of  fish. 

Meanwhile  the  salmon  fishery  iu  Hokkaido  wa.s  going  on  upon 
a  destructive  scale,  and  matters  came  to  such  a  pass  in  the  eighties 
of  the  last  century  that  a  need  of  artificial  propagation,  was  strongjy 
felt,  and  an  expert  of  the  Hokkaido  Government.  Mr.  K.  Ito,  wm 
Bent  over  to  jVmerica  to  examine  into  the  system  of  salmon-eulture 
there  carried  on.  On  Ida  return  Mr.  Ito  established,  in  ISSs.  a  hatch- 
ery at  Chitosc,  on  one  of  the  upper  branches  of  the  Ishikari  Rivo*. 
It  was  modeled  after  the  hatehcry  at  Craig  firook,  Maine.  By  \ht 
efforts  of  Mr.  Ito  and  his  successor's  and  by  the  able  superintendence 
of  Mr.  Fujimura,  the  hatcher^-,  which  has  been  colarged  several 
times,  has  now  become  the  centre  of  salmort-culture.  It  comprises 
an  area  of  over  30  acres,  and  hatches  annually  8,000,000  to  14,OOOXX)0 
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"sake"  eggs,  besides  a  much  sjnaller  number  of  tiout  ("masu") 
eggB.  All  the  batched  fry  are  liberated  in  the  Ishikari  River 
Bystem. 

Besides  the  central  hatchery  at  Chitoae,  there  are  seventeen 
Knmller  hatcheries  scattered  all  over  Hukkiudo,  maintained  by 
private  fisheries  associations  with  some  Government  aid.  All  of 
theae  hatch  between  1,000.000  and  5,000,000  egga,  while  Ihc  largest 
of  them,  at  Niahibeteu,  may  go  up  as  high  as  8,000,000.  We  may 
therefor*  assume  tiiat  something  like  35.000,000  to  50,000,000  eggs 
—  being  37,000,000  in  1903  —  are  annually  liberated  in  Hokkaido. 

Besides  thnge  in  Hokkaido  there  are  some  live  hatcheries  on  the 
main  island  —  Honshu  —  supported  by  the  five  northern  prefectures 
(Nigata,  Akita,  Miyagi,  Awuinori,  and  Ibareki).  All  of  these  estab- 
lishments, however,  arc  small,  the  lai^c^t  (NJigata)  hatching  only 
a  little  over  2,000,000  eggs. 

At  Chitose  and  Nishibetsu,  in  Hokkaido,  a  ami^l  number  of  the 
"masu"  (O.  kiiuteh)  are  hatched,  and  on  Lake  ShJkotsu,  near  the 
Chitose  hatchery,  there  is  a  small  branch  hatchery.  Here  the  eggs 
of  the  land-locked  "beni-masu"  (the  Ainu  "kabacheppo"  —  land- 
locked 0.  ntrkaf)  arc  hatched.  TliU  Bsh  was  originally  found  in 
Lake  Akanku,  in  the  eastern  part  of  the  Hokkaido;  from  there 
tranaplantod  to  Lake  Shikotsu,  mentioned  above;  from  there  again 
to  Lake  Onuma  near  Hakodate,  and  slill  farther  to  Lake  Towada, 
in  the  Akita  Prefecture  on  the  main  island. 

There  is  one  interesting  fact  which  is  perhaps  worth  mentioning. 
Of  the  salmon-fry  that  were  liberated  in  the  spring  of  1896,  30,000 
were  marked  by  cutting  off  the  operculum.  Of  these  some  are  said  to 
have  come  back  in  the  wintcrof  1901-02,  and  two  grown  to  thesizcof 
2,3  and  2.4  feet  are  specially  mentioned.  In  the  winter  of  1902-03 
some  twenty  (according  to  Mr.  Fujimura)  were  heard  from,  and 
five  specially  recorded.  In  the  winter  of  1903-04  some  forty  (accord- 
ing to  the  same  authority)  were  heard  from,  and  several  were  no 
doubt  specially  examined,  but  the  recoi-ds  are  not  just  now  available. 
Thus  the  ealmon  liberated  in  one  single  year  are  returning  during 
several  years  in  succession,  the  earliest  recorded  being  five  years 
and  a  half  after  being  set  free.  In  the  years  1897-1901  a  certain 
number  of  the  young  fry  were  marked  by  cutting  the  adipose  fin, 
and  these  are  already  being  reported.  All  the  certain  recorded  cases 
have  come  back  to  the  same  Ishikari  River  system. 

I  neod  hardly  say  that  salmon-  and  trout-culture  is  still  in  its 
infancy  in  Japan.  The  dog  salmon  is  considered  by  the  Americans 
as  not  delicate  iji  flavor,  and  we  should  not  confine  ourselves  to  its 
euItivatioQ,  but  should  make  efforts  to  introduce  the  finer  salmon 
and  trout  of  America,  -f^t  the  same  time  we  should  undertake  the 
culture  of  other  members  of  the  Salmonidut  native  in  Japan,  such  as 
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tho"iihirAUwo"  {Salanxmicrodon),  the"ayu"  (PiecoffiMtusaltCveh's) 
etc. 

Pitcicuiiurc  in  Fomtota 

In  Formosa,  recently  acquired  by  Japan,  the  native  Cbinese  engage 
in  the  culture  of  various  species  of  fishes,  such  as  the  carp,  the  gray 
mullet,  the  crucian  carp,  etc.  Of  these,  two  stand  out  prominent. 
One  species  belonging  to  the  Clupeid«  ami  called  in  Chinese  "sabahi" 
{CftoTwn  salmoiurua  Bluch  and  Hchncidcr)  in  abundantly  cultivated 
in  tlic  southern  parts.  AlLhuugh  a  ttca-liKh,  it  is  able  to  accommo- 
date itself  easily  to  fresh  water.  The  6sh  arc  at  firet  put,  when  small 
fry,  into  pondg  not  norc  than  four  feet  square,  and  are  fed  with  hen's 
eggs.  When  grown  to  a  larger  size,  in  twenty  to  thirty  days,  they  are 
put  into  larger  ponds,  given  plenty  of  food,  and  when  they  r«ach  the 
size  of  ten  inches  or  more  are  put  on  the  market,  The  ot:her  fiah 
much  cultivated  is  called  "Icnhi"  (llypnphihalmichlky*  moUirir 
CuN-ier  and  Valenciennes),  belonging  to  the  Cyprinids.  These  are 
brought  from  China  in  November  and  December,  when  nine  to  ten 
inches  loiif^,  They  arc  kept  in  ponds  and  abundantly  fed,  and  may 
reach  the  size  of  three  and  one  half  feet,  but  are  sold  from  the  time 
they  become  one  foot  long.  This  fish  is  cultivated  in  all  parts  of 
Formosa. 

Tke  Oyster  (O^rea  cucuUata  Born) 

The  oyster  has  probably  been  longer  under  cultivation  by  man 
than  has  any  other  mollu?k,  and  it  ie  also  the  most  extensively 
cultivated.  As  to  the  former  point,  I  need  only  refer  lo  Roman 
piftures  delineating  oyster-rearing,  and  as  to  the  latter,  to  the  exten- 
sive enterprises  carried  on  at  the  present  day  in  Europe  and  Amexica- 
In  Japan,  also,  the  luscious  mollusk  received  an  early  attention,  and 
its  culture  is  becoming  more  and  more  extenmve.  The  first  piaoe 
where  this  was  done  systematically  appears  to  have  been  the  neigh- 
borhood of  Hiroshima,  a  town  about  in  the  middle  of  the  length  of  the 
I  nland  Sea  and  on  the  north  side  of  that  waterway.  There  is  a  record 
preserved  there  showing  that  the  art  of  oyster-raiaing  was  w^ 
understood  certainly  one  hundred  and  eighty  years  ago,  and  the 
practice  is,  no  doubt,  much  older.  There  were  several  reasons  why  it 
should  prosper  here,  among  which  may  be  mentioned  (1)  that  the 
sea  about  there  ia  as  quiet  as  a  lake;  (2)  that  the  differences  of  level 
between  the  high-  and  low-water  marks  are  comparatively  great, 
being  ten  to  fifteen  feet,  thus  exposing  a  very  wide  area  adapted  for 
oyster  cultivation;  (.1)  the  bottom  of  the  sea  is  rather  firm  there, 
being  composed  of  finely  ground  granite;  (4)  lots  were  early  divided 
and  leased  to  individuals,  thus  securing  the  utmost  exertions  of  those 
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lenees;  (5)  monopoly  n-as  acquired  by  ihc  people  of  this  region  in 
selling  oyetens  in  Osaka,  lliim  iusuting  u  Iutrc  nmrket. 

I  made  in  1S94  a  caieful  inspection  of  tlic  oy8t«r  industry  oi 
Hiroshima  at  the  request  of  the  Department  of  Agriculture  of  the 
Japanese  Government,  and  wrote  a  report  on  it  (in  Japanese).   This 
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PiO.  5. — TypicAl  oyst«r-fiUTQ,  Yta.  O.-^Dmgrum  of  well-developed 

Kajtlu  Ilay.  oyst«r-(Ann. 

The  black  Vmcs  in  Fij^.  5  ajid  6  r«prM<TOt  nwly  urtuiged  bamboo  coUocIotb 
the  dolUd  Uti<«  tlic  collcctoni  of  tho  Mcond  year. 

has  been,  in  its  main  outline,  together  with  some  valuable  additions 
of  his  own,  put  into  English  bj'  Professor  Bastiford  Dean,  of  New 
Yorlc  (V.  S.  Fish  Commission  Bulletin  for  1902,  pp.  17-37,  plu.  3-7). 
and  the  reader  may  be  referred  to  it  for  details.  I  shall,  however, 
touch  here,  though  briefly,  on  various  systems  carried  out  around 
Hiroshima,  for  they  are,  after  all,  the  most  complete  of  any  known 
in  Japan. 

The  simplept  method  among  them  is  practiced  in  a  village  called 
Kaidaichi,  a  few  miies  east  of  the  city  of  Hiroshima.  Wlien  the  tide 
is  in,  this  bay  is  a  quiet,  placid  piece  of  water;  one  sees  nothing 
unusual  unless  he  looks  deep  below  the  surface  and  notices  long 
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lines  of  bamboo  fences.  Wbon  the  tide  is  out,  the  scene  takes  on  an 
entirely  different  aspect.  One  sees  that  the  entire  area,  only  so 
recently  covered  by  the  water  and  over  which  one  glided  in  a  boat, 
seems  to  be  cut  up  into  lots  looking  very  much  like  town  lots,  with 
streets  intersecting.  Two  examples  of  these  lots  are  given  in  Figs. 
5  and  6.  The  lines  in  the  figures  indicate  bamboo  collectors  on 
which  the  oyster-spat  becomes  attached  and  grows,  the  full  lines 
representing  those  that  were  put  up  any  one  year,  and  the  dotted 
linea  those  of  the  year  previouH.  From  a  distance  these  bamboo  doI- 
leetore  and  oyster-fields  reminded  me  of  nothing  so  much  as  vine- 
trellises  in  the  Rhine  vineyards.  The  spat  that  is  collected  on  tbees 
bamboo  fences  is  left  to  grow  on  them  until  the  winter  of  the  next 
year  —  that  is,  only  a  little  more  than  a  year  from  the  beginning. 
Then  the  bamboo  collectors  are  taken  down,  the  oysters  ore  beaten 
off,  and  are  then  ready  to  be  sent  to  the  market. 

Tlie  oysters  are  necPHKarily  aniall,  for  unfortunately  there  is  no 
place  in  l!u«  bay  to  allow  their  further  growth,  as  the  bottom  is  too 
soft  and  they  would  become  buried  in  mud.  This,  then,  is  a  very 
simple  system,  —  to  collect  the  oyater-spat  on  bamboo  fencos,  to  let 
it  grow  on  them  until  a  little  over  a  yeiu-  old,  and  then  to  send  the 
oysters  to  the  meu-ket. 

The  method  known  as  the  KuBateu  S}'stem  is  practiced  in  the  viU 
Inge  after  which  it  is  named,  as  well  as  in  all  other  villages  that  lie  to 
the  west  of  lliroshima.  Four  or  five  bamboo  sticks  about  4  feet  long 
are  made  into  clusters  and  stuck  firmly  into  the  bottom  so  that  about 
3  feet  is  left  above  ground  (Fig.  7).  Thcae  clumps  arc  arranged  in  long 
rows,  generally  over  1000  feet  in  length,  each  row  being  in  reality 
double,  with  clumps  in  each  of  these  two  subordinate  rows  set  alter- 
nately. On  these  clump.'^  the  oyster-spat  is  collected,  and  tbo  young 
oysters  are  allowed  to  grow  on  them  until  April  of  the  next  year.  At 
that  time  the  old  collectors  have  to  give  place  to  the  new  set  of  collect- 
ors to  be  ready  for  the  spat  that  will  soon  be  shed.  Young  oysten 
arc  therefore  struck  off  the  collectors  at  that  time  and  taken  to  the 
place  called  "iko-ba"  {literally  living-ground),  where  they  are  placed 
directly  on  the  rather  firm,  gravelly  sea-bottom,  and  allowed  to  grow 
there  until  the  cold  season  of  the  third  yea.r.  These  "ike-ba"  may 
be  some  distance  from,  or  quite  near,  the  spat-collecting  ground,  ac- 
cording to  the  circumstances  of  each  collector  and  how  and  where 
he  can  get  a  good  bottom  for  the  purpose.  Finally,  toward  the  cold 
season  of  the  third  year,  the  oysters  are  removed  to  the  "  miire-ba," 
or  maturing- ground,  which  is  to  re^^eive  all  that  are  ready  for  the 
market.  This  ground  must,  of  course,  be  quite  near  the  oulturisl, 
and  easily  accessible. 

At  Nihojima,  about  2  miles  east  of  niroshbna,  the  nature  of  tbe 
oyster-grounds  has  necessitated  the  development  of  a  most  elaborate 
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Bvstem  of  oystor-culturo,  Here  the  umin  part  of  the  gjouoda  is  in  & 
sheltered  inlet,  or  rather  in  an  enlarged  mouthof  a  river,  which  natur- 
ally brings  down  a  great  deal  of  frcah  water.  As  I  think,  fnr  this  very 
reaaon  the  spat-collecting  is  done  just  outside  the  inlet.  Here,  in 
April,  when  the  biReding-seaaon  begins,  bamboo  collectors,  four  or 
five  in  a  biuullc,  are  planted  in  close  cliiaters  along  the  channel  to 
receive  the  spat.  At  the  end  of  the  breeding-season,  —  that  vs,  in  the 
latter  part  of  August  —  the  collectors  are  uprooted  and  conveyed 
inside  the  inlet,  pare  boing  taken  not  to  injure  the  spat  upon  them. 
There  they  are  built  into  peculiar  BtruotureH  called  "toya,"  which 
are  round-prj-amidal  in  shape,  and  measure  about  three  to  four  feet 
high  and  five  to  six  feet  across  at  the  bottom.     A  "toya"   is   con- 
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Fie.  7.  —  Bun'Koo  eoIWUira  arranged  nf btr  the  faahioD  flommoo  in  Riuuttsu.  Thoy 
alaiKl  obQUt  3  f(;ut  ubove  tlic  bottom  ttud  their  tips  divcigc;  tho  clumps  ate  Mt 
4  or  5  ftvt  apiui. 


atructed  (Fig.  S)  as  follows:  In  the  centre  are  small  bamboo  collectors 
of  last  year  on  which  sorocyoung  oystws  are  still  sdliercnt.  Out«de  of 
these  the  new  bamboo  collectors,  which  have  just  been  brought  in 
from  the  spat-collecting  ground  with  tiny  oyster?  adherent  on  them, 
are  placed  in  two  circles,  one  outside  the  other,  the  bamboo  branches 
being  made  to  interlock.  The  "toyaa"  are  left  in  this  condition  ex- 
actly one  year,  when  they  muat  give  place  to  the  next  new  set. 

The  oysters  that  are  now  in  their  second  year  and  arc  of  a  fair  size 
are  struck  off  the  bamboo  coUeclors,  which  are  rotten  by  this  time, 
and  are  then  placed  in  the  living-ground,  where  they  lie  duectly 
on  the  hard  and  gravelly  bottom.  They  are  left  here  until  the  next 
year,  although  tliey  are  given  a  thorough  raking  every  fortnight  or 
so.  By  autumn  of  the  third  year  they  are  ready  for  the  market.  The 
sea-bottom  in  the  inlet  of  Nihojima  has  been  completely  utilized 
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for  this  purpoao  and  bus  been  cut  up  into  lota  and  leased  to  differ- 
ent persona.  Put  this  together  with  the  fact  that  hills  around  here 
ore  cultivated  to  the  very  top,  and  it  would  be  difficult  to  go  be- 
yond this  in  the  utilization  of  land  and  water.  Hiroahima  has  per- 
haps gone  ahead  of  most  places  in  Japan  in  this  respect. 


•     • 


FlO.  8- — Oround-plan  ot  &  "toys.'*  Cuili^ctora  bi-ariiiK  wcU-croim  ovotcn  an 
iiidiuttcd  by  tbc  black  >pota  within  tbe  twu  circles  <n  brnjicDtiig  coliwtov. 


A  rather  interesting  and  simple  system  of  oyster-eultiu^  has  been 
developed  within  tbe  last  twenty  years  at  the  mouth  of  the  Sumin* 
ouye  River,  In  Ariake  Bay,  in  the  prefecture  of  Saga,  Kiushiu.  It 
seems  that  people  here  were  in  the  habit  of  collecting  all  the  natural 
oysters  they  could  and  of  proacrving  larger  ones  among  them  for  a 
Uttio  while  on  the  bott^om  of  the  Siiminouye  Kivcr  to  be  sent  later  to 
Nagasaki  for  sale.  For  some  r<sason,  in  1S84  those  thus  preserved  were 
left  through  the  ninter  and  it  wasdiscovered  that  by  next  year  they  bad 
grown  to  a  large  siae.  This  fact  was  not  tost  on  the  sagacious  people 
thereabouts,  of  whom  Mr.  Murata,  an  enthusiastic  culturist,  seems 
to  have  been  the  head  and  soul.  From  this  beginning  the  industr}' 
was'developed  so  that  18,330  bushels  of  oysters,  valued  at  21 ,181  yea, 
were  produced  in  1897,  and  the  output  has  no  doubt  increased  since. 
The  method  is  as  follows:  Young  oysters  about  an  inch  or  mora  in 
length  are  collected  constantly  from  July  till  March  of  the  next  year 
from  stonewalls,  old  shells,  etc.  Alt  these  are  placed  on  oyster-beds  tn 
the  river-mouth,  and,  as  these  small  ones  may  be  choked  by  being 
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covered  up  with  the  silt,  they  are  heaped  close  togeth^  in  masses,  and 
are,  moreover,  washed  and  cleaned  two  or  three  tiniee  in  a  month,  at 
low  tide.  In  April  these  oy^tere  are  etuck  into  the  mud  afmost  ver- 
tically, with  the  hinge-end  below  and  inth  the  ventral  margin  above. 
As  the  mud  is  firm,  they  seem  not  otUy  to  keep  this  position,  but  also 
to  grow  finely.  They  are  often  cleaned,  and  as  they  grow  they  are  often 
thinned  out  and  given  more  space.  In  August  and  September  they 
grow  most  rapidly.  By  October  they  are  six  by  fi\'e  inches  in  size  and 
ready  for  the  market.  I  think  the  rapid  growth,  the  round  shape,  and 
the  large  size  must  distinguish  this  from  the  ordinary  Japanese  species 
of  oyster.  This  aystera  aeems  very  profitable,  aa  one  tnubo  {six  feet 
square)  is  said  to  give  a  rtliim  of  three  yen.  In  Formusa  there  is  also 
a  system  of  oyster-culture  practiced  by  the  Chinese.  In  oyster-farms 
near  Tami^ui,  on  that  island,  large  blocks  of  stone  are  arranged  one 
foot  apart  in  regular  rowit,  and  on  theae  the  spat  is  collected  and  the 
oysters  are  left  to  grov. 

There  are  vanous  other  methods  and  variations  of  methods  carried 
on  with  more  or  less  success  in  different  ports  of  Japan,  and  they  are 
increasing  ever^'  year. 

The  Peart  Oyater  {Avicuia  marieneii  Dxmker) 

Various  kinds  of  pearl  oysters  are  found  in  southern  semitropical 
islands  of  Japan,  but  the  only  one  which  is  nt  all  common  in  Japan 
proper  is  the  species  named  above.  This  pearl  oyster  is  found  more  or 
leas  along  the  whole  of  the  coast  of  Japan,  but  there  are  some  localities 
famous  for  proflucing  it  in  quantities.  Such  are  Shima.  Omura  (Pro- 
vince Uizen  in  Kiutihiu),  Noto,  Tosa,  etc.,  and  some  fine  pearls  have 
been  obtained  from  these  places.  As  la  so  many  other  matters  in 
Japan,  there  was  a  time  ftft«r  the  restoration  of  1868  when  the  fishery 
for  these  precious  shells  was  thrown  into  a  chaotic  state,  and,  as  is 
usual  in  ^iuch  a  case,  carried  to  an  excess,  so  that  the  yield  of  pearU 
dwindled  to  almost  nothing. 

Id  1890  J  suggested  to  a  Mr.  Mikimoto,  a  native  of  Shima,  who  had 
grown  up  and  lived  in  the  midst  of  the  pearl-producing  district,  the 
desirability  of  cultivating  the  pe^rl  oyster.  IIo  took  up  the  subject 
eagerly,and  began  makingexperimentson  it.  Soon afterl  pointed  out 
to  him  also  the  possibility  of  making  the  pearl  oyster  produce  pearU 
by  giving  artificial  stimuli.  He  at  once  proceeded  to  experiment  on  it. 
The  results  have  been  beyond  expectations,  and  to-day  the  Mikimoto 
pearl-oyster  farm,  put  on  a  commercial  basis,  has  millions  of  pearl 
oysters  living  on  its  culture-grouiide,  and  Is  able  to  place  annually  a 
large  crop  of  pearls  on  the  market. 

The  Mikimoto  pearl-oyster  farm  is  in  the  Bay  of  Ago,  on  the  Pacific 
side  of  central  Japan,  a  few  miles  south  of  the  famous  Temple  of  Ise. 
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The  bny,  like  all  in  which  the  pearl  oyster  grows  in  abundance,  iB 
a  very  quiet  piece  of  water  with  a  mont  irrCRular,  highly  brokea-up 
coftst-liTic  full  of  deep-running  inlets,  coves,  etc.,  with  a  depth  of  three 
to  seven  fathoms,  and  affording  most  (avorflble  shelter.  Somewhat 
out  of  the  centre  of  the  bay  to  the  north  there  Is  a  little  island  called 
Tftdoko,  where  the  land  part  of  the  enterprise,  necessary  buildings, 
etc.,  are  placed,  and  where  altogether  about  100  persons  connected 
in  Home  way  with  pearl-o>'8ter  culture  are  now  living.  Around  and  in 
the  neii^hborhood  of  this  island  a  Urge  area  of  soa-bottom,  which  with 
ecvcral  large  recent  additions  now  amounta  to  1000  acres,  ha«  be«i 
leased  by  Mr.  Mikimoto. 

The  farm  is  divided  into  two  portions:  (1)  Those  parts  where  the 
spat  is  collected  and  the  young  are  kept  to  their  third  year,  and  (2) 
the  parts  where  the  shells  older  than  three  years  are  kept.  The  brced- 
ing-seaeon  of  the  pearl  oyster  is  July  to  August,  and  before  this  comt* 
round  —  namely,  in  May  to  June  —  stones  six  to  eight  pounds  in 
weight  are  placed  over  the  bottom  of  the  spat-collecting  grounds, 
which  are  generally  in  shallower  parts,  penetrating  deep  into  land. 
By  August  tiny  shells  not  more  than  three  to  four  millimeters  long 
are  first  discovered,  attached  to  these  stones  by  their  byssua,  and  the 
number  increases  steadily  with  the  season.  An  immense  number  of 
shells  ia  collected  every  year.  They  are  allowed  to  lie  as  they  are 
until  November,  and  then  those  that  are  too  near  the  shore  are  re- 
moved, with  the  stones  on  which  they  are  anchored,  into  depths grefller 
than  five  or  six  feet.  This  is  necessary  to  protect  them  from  cold, 
from  the  effects  of  which  thcj-  oro  apt  to  die  in  the  course  of  wint«r  if 
left  in  the  original  places.  The  young  shells  are  then  left  quietly  and 
allowed  to  grow  for  three  ycani,  or,  bettiCr,  some  may  be  removed  to 
deeper  waters,  and  where  they  ore  given  more  space,  and  get  more 
food ,  and  grow  better.  At  the  end  of  three  years,  when  they  are  about 
five  to  six  cpntimet«rs.  arrnsa,  they  are  taken  out  of  the  water  and  the 
OjwratioTis  necessary  for  inducing  them  to  produce  pearln  —  that  is,  of 
putting  in  nuclei  for  pearls  —  are  performed  on  them.  At  [ncsent 
the  number  thus  operated  on  in  u  year  in  only  250,000  to  300,000. 
They  arc  then  put  back  in  the  sea  and  spread  out  at  the  rate  of 
about  thirty  to  every  tsubo  (six  feet  square),  and  are  left  alone  for 
four  years  more.  At  the  end  of  that  time,  or  seven  years  and  a  half 
from  the  beginning,  they  are  taken  out  of  the  water  and  opened. 
Natural  pearls,  as  well  as  "culture  pearhi,"  as  I  have  named  those 
produced  from  the  introduced  nuclei,  are  thus  horveetcd  and  put  an 
the  market. 

As  in  all  culture  enterprises,  there  arc  many  enemies  of  the 
pearl  oyster,  as  well  as  unexpected  difGculties  in  the  way  of  its 
culture.  Oeiopiu,  Codium,  Clione  (sponges),  all  sometimes  play  sad 
havoc  among  the  mollusks,  but  the  most  dreaded  enemy  of  all  is  tbe 


I 

I 

I 

I 

I 
I 
I 

I 


CULTIVATION   OF   MARINE   ANIMALS   IN   JAPAN     723 


"red  current"  or  "red  tide,"  This  ie  an  immense  accumulation  of 
a  DinoflaKcllata,  GonyaiUax,  cauang  discoloration  of  the  aea-water, 
and,  in  sunie  way  not  well  uccouiiK^d  for,  causing  in  its  wake  an 
immense  destruction  of  marine  organisms,  large  and  small. 

The  "culture  pearia"  are,  I  regn^t  to  say,  either  half  [learls  or  only 
a  littlo  more  than  half  pearls,  but  as  regards  luster,  ahupo,  and 
OM  ,thoy  are  beautiful  beyond  expectations,  and  meet  the  require- 
ments completely  in  cases  where  only  half  pearls  are  needed. 

Hearl-oyster  culture  is  still  in  iti  infancy,  but  its  promises  are 
bright.  If,  In  additiou  to  half  pearlSr  full  or  "free"  pearls  ean  be 
produced  at  will,  as  there  are  some  hopes,  it  will  be  a  great  triumph 
for  applied  2odlog>'. 

•         The  Ark-Shell,  "Haigai"  (Area  granoaa  Llschke) 

One  of  the  most  iDtcreetiofi!  cultural  cQterpnsca  in  Japan  la  that  with 
the  ark-shell  (Arm  granosa),  or  "haigai,"  as  we  call  it.  This  was 
originally,  and  is  at  the  prawnt  day,  most  extensively  carried  on  at 
Kojima  Bay,  near  Okayama.  This  bay  opens  into  the  Inland  Sea  by 
a  narrow  mouth,  hardly  a  mile  atross,  and  i.s  about  eight  milen  in 
length  by  six  miU^  of  breadth.  The  differences  between  high  and  low 
tide-marks  arc  comparatively  great  here,  as  in  all  parts  of  the  Inland 
Sea,  being  five  to  seven  feet,  and  at  low  tide  the  whole  of  the  bottom 
of  the  bay  is  exposed,  leaving  only  four  river  channels  which  run 
through  the  bay  to  ita  mouth.  This  fiat  is  the  area  utilized  for  the 
cultivation  of  Area  ffranosa.  It  seems  that  this  idea  was  present  in 
the  minds  of  .sDine  of  the  people  as  far  back  as  the  sixties  in  the  last 
century,  and  waa  actually  put  In  practice  by  1869.  At  the  beginning 
different  individuals  undertook  the  cultivation  by  themselves,  and 
the  conflict  of  interests  soon  became  the  source  of  endlc«s  disputes, 
People  soon  getting  tired  of  this,  it  was  agreed  in  18S6  to  form  an 
association  in  which  all  the  conflicting  interests  were  amalgamated, 
and,  as  this  worked  very  smoothly,  it  was  organized  in  1890  into  a 
stock  company.  At  present  a  little  over  830  acres  of  the  bottom  is 
utilized,  the  cultivated  areas  being  scattered  mostly  along  the  south- 
em  and  western  sides  of  the  bay.  The  annual  sale  amounts  to  75,000 
to  100,000  bushels,  valued  at  more  than  30,000  yen,  and  yielding  a 
return  of  40  to  60  per  cstit  on  the  capital  invested. 

The  method  of  culture  is  aa  follows:  By  Be'ptember  or  October 
of  every  year,  the  larvn;  of  the  mollusk.  quitting  their  swimming 
stage,  have  become  tiny  shells  not  more  than  two  or  three  millimeters 
long,  buried  directly  below  the  surface  of  the  bottom  mud.  Tbese 
are  collected  from  various  parla  of  tJie  bay  by  an  ingenioua  instru- 
ment, nliich  may  be  described  as  a  huge  eomb  more  tlum  six  feot 
long,  being  a  series  of  short  pieces  of  wire  with  tlieii  points  slightly 
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bent,  and  planted  wth  the  other  end  on  a  piece  of  board.  Thia,  bang 
applied  on  anotlicr  piece  of  plank,  is  forcibly  pushed  alooR  the  mud 
bottom  with  the  tooth  part  down,  and  all  the  tiuy  sliells  in  the  mud 
are  cauglit  between  the  teeth  of  tlie  comb  and  accumulated  on  the 
bent  ends  of  the  wire.  Tliese  are  collected  once  in  a  while  and  put  into 
a  tub,  after  which  another  raking  is  gone  through.  Tbe  distance 
between  the  wires  regulates  tbe  size  of  the  shells  to  be  caught.  If 
the  interval  i»  large,  the  ahells  caught  are  naturally  large,  and  vice 
versa. 

These  tiny  abella  collected  from  various  parts  of  the  bay  are 
placed  in  the  culture-grounds.  It  has  been  found  that  the  best  bim 
for  starting  culture  is  quite  small  —  that  is,  one  which  will  go  into 
the  number  of  30.000  to  70,000  per  "sho"  (1.58  quarts  or  1.8  litew). 
In  order  to  diatribute  them  over  the  ground  allotted  to  them,  the 
little  KhelU  which  have  been  collected  are  heaped  up  in  a  boat.  One 
man  row."!  the  boat  along  slowly,  and  two  others  measure  out  the 
Bhclls  and  throw  them  overboard  with  wooden  scoops.  Tlic  quantity 
of  shells  that  can  be  most  profitably  put  into  a  unit-area  differs,  of 
course,  with  the  siee  and  age  of  the  shells,  and  has  been  very  carefully 
studied  out. 

The  tiny  shells  that  in  September  are  only  two  to  three  milUmeten 
aoropfl.  and  run  30,(M)0  to  70,000  to  a  "Bho."  grow  by  the  autumn  of 
tbe  next  —  that  is,  the  secoml  '-  year  to  nearly  twenty  millimeters 
in  length,  and  run  only  1000  to  a  "sho."  In  the  autumn  of  the 
third  year  their  average  length,  is  already  thirty-two  millimeten, 
and  they  run  only  2O0  to  a  "sho,"  and  by  the  autumn  of  the  fourth 
year  they  boeomo  forty-two  millimeters  long,  or  only  120  to  a  "aho," 

As  the  shells  grow,  their  number  per  unit-area  must  be  diminished 
to  the  proper  number  determined  by  previous  experience,  and  all 
the  superfluous  ones  must  be  removed  to  near  lots.  These  culture- 
grounds  show,  therefore,  a  large  numljer  of  partitioned  or  marked 
areas,  each  of  which  contains  a  special  lot  as  regards  size  and  age, 
and  give  one  an  idea  of  the  most  methodical  procedure. 

It  has  been  found  that  the  crop  of  tiny  shells  which  can  be  collected 
each  season  differs  greatly  in  amount  with  different  years.  F«- 
instance,  in  1893  the  crop  was  very  large,  amounting  to  14,145 
bushels,  but  in  the  following  year  there  were  only  fiftenn  busliels, 
and  in  the  two  years  after  that  matters  were  still  worse,  there  being 
practically  none  at  all.  In  order,  therefore,  to  have  the  maricet 
supply  constant,  and  not  fluctuating  as  those  "seed "-shell?,  it  has 
been  found  possible  to  retard  the  growth  of  the  shells.  That  is.  after 
they  reach  a  siae  of  2000  to  a  "sho,"  they  are  removed  to  a  some- 
what deeper  place,  where  the  current  is  slow  and  where  they  are,  no 
doubt,  also  kept  more  crowded  than  usual.  This  hue  been  found 
enough  to  make  their  growth  slower,  and  the  seed-shells  coUoctMl  in 
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one  year  can  thus  be  depended  on  to  supply  tlie  market  for  five 
years. 

The  three-year-old  ehclla  are  exported  in  the  freah  tonditioo  to 
Chios,  where  they  are  very  much  valued,  while  the  four-year-old 
and  the  older  are  coneiumed  in  Japan. 

Another  species  of  Ana  [A.  mJicrETtaia  Lincbke)  is  uulttvated 
more  or  less  in  the  same  Kojima  Bay,  but  this  shell  flourittheB  best 
in  deoix-T  watprs  wliich  are  not  cxfwscd  at  low  tide  and  where  aea- 
wocds  arc  gruwiiig.  Such  a  condition  m  found  in  Nakano-L'nii  near 
Mataui,  Province  Imimo,  on  the  Japan  Sea  aide,  where  the  ark-shell 
has  DOW  been  cultivated  for  over  a  hundred  years.  The  system  of 
eulture  is  that  of  rotar)-  crops,  giving  fine  results.  The  area  under 
cultivation  is  at  the  pressent  day  about  2fl31  acres. 

The  ll<uoT  Clam,  "  AgttntAi  "    (Sotecurtua  eonetrtcta  L&murck) 

Reference  has  been  made  to  n  peculinr  system  of  oyster-culture 
begun  lately  in  the  mouth  of  the  Suminonye  River  in  Ariake  Bay. 
The  shores  of  the  same  hay  have  extensive  mud-flats  exposed  more 
or  less  at  low  tide,  and  here  the  rultivation  nf  two  other  animals 
has  graJuully  been  developed,  "agi^ninki"  (Soltr.uTtus  constricta), 
a:«hcll  somewhat  rcecmhling  razor  ehcllB,  and  bikrnarlcs  {Halantis sp.). 

The  first  of  these  is  dried  and  exported  to  China.  The  trade  began 
in  1875,  and  increased  so  rapidly  that  by  1SS2-83  the  supply  was  not 
equal  to  the  demand,  and,  owing  to  the  consequent  overfishing,  the 
shells  caught  were  becoming  smaller  and  smaller.  To  remedy  this 
state  of  things,  the  Dcpiirtmcnt  of  Agriculture  and  Commerce 
established  there  an  experiment  station  for  the  cultivation  of  the 
shell,  and  one  Mr.  Ne^shi,  belonging  to  the  dlsttict,  ono  year  put  in, 
for  trial,  about  135  bushels  of  the  shell  in  the  tidc-flats,  and  found 
that  these  had  incrcEised  by  the  following  year  to  820  biisliels,  thus 
thoroughly  demonstrating  the  practicability  of  the  culture.  From 
this  beginning  the  industrj-  increased  so  rapidly  that  by  1896  in 
this  part  of  the  bay  alone  over  700  acres'  were  under  cultivation, 
and  about  50,000  bushels  of  seed-shells  were  collected,  and  112,845 
bushels  sold,  fetching  79,329  yen.  The  cultivation  has  since  extended 
to  other  parts  of  Ariake  Bay,  and  promises  to  become  more  and 
more  important. 

The  method  of  culture  is  very  simple.  The  young  are  collected  all 
over  Ariake  Bay  in  July  and  August  of  each  year.  They  are  then 
between  four  and  five  centimeters  in  length,  and  are  dug  out  by 
spades  and  hands  and  then  transplanted  to  culture-grounds,  care 
being  taken  to  protect  them  from  the  sun's  rays  during  the  passage. 

'  The  CAlcultitiuu  of  an-as  on  thi-  svu-boltocti  in  Japan  is  v>^r\  rough,  and  only 
appnounutto.   Aa  a  gcoeral  dung,  it  fall*  for  abort  of  Uie  actualiLiea. 
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Arrived  at.  the  culture  grounds,  thej-  are  seattered  about,  and  soon 
find  their  way  into  the  mud  of  the  bottom,  which  must,  therefore, 
be  well  adapted  for  the  life  of  Ihia  mollusk. 

These  shells  are  left  for  about  three  years.  According  to  the 
specinens  given  me  by  Mr.  Fujita  for  examination,  at  the  end  of  the 
first  yeiir  after  transplanting  they  are  5.6  centimeters  long;  at  the 
end  of  the  Hscond  year,  6.6  pentimeter,i;  at  the  end  of  the  third 
year,  9  centimetres;  and  at  the  end  of  the  fouth  year,  10  centi- 
meters.   In  i!ome  partf!  growth  is  no  doubt  more  rapid. 

Bctmacles,  "Jimtgi  "   {Ba!anu$  ap.) 

I^l^ther  out  in  the  same  tide- flats,  where  the  agemaki  is  eultivated 
as  described  in  the  previous  section,  there  are  planted  bunches  of 
bamboo  coilpctors  thai  [ook  like  the  collectorB  for  oyster-spat.  Here, 
however,  they  are  to  collect  a  species  that  iH  generally  considered 
injurious  to  cultural  enterprises,  —  namely,  the  barnacle.  The  col- 
lectors arc  put  up  twice  in  a  year,  —  that  is,  in  the  spring  and  in  late 
August.  The  spring  collectors  begin  to  be  taken  dowa  after  sixty 
days,  and  it  is  thirty  days  more  before  they  are  all  disposed  of.  The 
autumn  eollertors  are  left  standing  one  hundred  days,  after  which 
they  are  gradually  taken  away  before  the  next  March.  The  barnacles 
that  are  attached  to  the  collectors  are  beaten  tifT  and  used  as  nuuiure. 
The  annual  yield  is  400.000  bushels,  fetching  30,000  yen.  This  cul- 
tivation bas  been  going  on  ever  since  1830  or  thereabouts. 

MieceUaneous 

"TaJmgai"  (Pinna  japonica  Reeve):  The  cultivation  of  Ptnna 
confined  to  a  small  village  on  the  Inland  Hca,  but  it  is  interesting  as 
a  Bpccimen  of  what  can  be  done  in  the  way  of  mollusk-cultivation. 
A  little  west  of  Onomiohi.  a  Inrge  town  on  the  north  side  of  the  Inland 
Sea.  there  is  a  small  village  culled  HoBojima.  It  has  only  twenty- 
five  households,  but  each  of  these  twenty-live  possesses  a  small 
Pinna  cutturD-grmind  of  its  own,  not  more  than  fifty  by  thirty  feet. 

Every  October  young  Pinna,  between  wvcn  and  eight  centimeters 
long,  are  collected  at  a  ehon!  near  the  village  and  put  rather  thickly 
into  the  culture-grounds.  The  triangular  shell,  upright,  with  the  acute 
apes  below,  is  buried  in  the  mud  tfl  the  edge  of  the  shell  and  placed 
in  such  a  way  that  the  hinge-line  is  toward  the  land  and  the  open 
gaping  side  toward  the  eea,  thus  preventing  the  muddy  water  that 
runs  clown  fmm  entering  the  mnntle-cavity  of  the  molluak.  By 
October  of  the  next  year  the  shells  have  increased  almut  two  and 
one  half  times  in  size,  although  they  are  said  to  decreaM  in  number 
forty  per  cent,  and  will  not  grow  much  more,  even  if  left  longer.  They 
are  then  taken  out.  and  new,  young  shells  are  put  in  their  place. 


CULTIVATION'   OF  MARINE   ANIMALS   IN  JAPAN     727 

Egg-caseo  of  Gustropoda:  The  peculiar  leathery  egK-cases  of  vari- 
OUB  gaslropode  have  n  commercial  value  in  Japan.  You  see  them 
sold  in  the  streets,  dyed  red,  each  costing  about  half  a  cent.  They 
are  bought  by  young  girU.  The  canes  arc  turned  about  in  the  mouth, 
and,  when  hlled  with  air  and  then  squeezed  bctwoen  the  tongue 
and  the  roof  of  the  mouth,  emit  a  peculiar  sound.  The  snmc  use  is 
made  of  the  fruit  of  a  plant  (hozuki),  and  the  mollusk  cKR-casce  serv- 
JDg  the  purpose  are  called  "umi-hoicuki "  (sea-hozuki).  These  Coy 
things  are  in  such  demand  that  the  supply  cannot  be  left  simply 
to  the  accidental  finding  of  them,  and  so  various  methods  of  culti- 
vating them  have  been  devised  in  different  parts  of  Japan.  In 
Cbiba  boxes  are  conntnictcd,  six  by  three  feet,  and  two  feet  high, 
with  wooden  sides,  and  covered  with  bamboo  basket-work  on  the  top 
and  the  bottom;  in  these  large  whelks  {Rapana  bctoar)  are  placed, 
and  the  whole  left  floating  in  the  sea.  The  mollusks  soon  deposit 
their  egg-ea8e8  on  the  wooden  sides.  In  Note  pine  sticks  two  to  three 
feet  long  are  anchored  by  a  line  and  a  weight,  and  are  left  floating  in 
the  sea  for  the  mollusks  (Fuaua  incomitam)  to  come  and  deposit  their 
egg-cases  on  Them.  In  Okayama  inverted  bamboo  baskets  are  kept 
anchored  in  the  aamo  way,  and  scr^'a  as  the  rcpositon,'  of  the  eggs. 
There  are,  no  doubt,  other  methods  in  other  places.  The«e  egg-cases, 
although  mere  toys,  must  altogether  be  worth  several  tens  of  thou- 
sands of  yen.  Cbiba  alone  produces  them  to  the  value  of  30,000  yen, 
and  Nolo  10.000  yen. 

"Bakagai"  C;l/<w/ra  »Mfc(«on'o  Deshayee);  "asari"  (Tapts  pkiiip- 
piTtanim  Adam  and  Reeve);  "shijimi"  {CorbiciUa  (Urata  Prime),  and 
other  species:  These  moUusRa,  especially  the  last  two,  are  very 
common,  and  are  consumed  in  enormous  quantities,  which  facts  have 
naturally  led  to  a  greater  or  less  amount  of  cultivation  in  some 
places.  They  may  be  collected  when  young  and  allowed  to  j^row  in 
culture-grounds,  or  they  may  be  allowed  to  grow  by  aysteius  of 
rotary  crops.  Methods  would  seem  to  differ  in  different  places. 

The  trepang,  "namako"  (StKhopus  japvnicua  Selenka):  In  a 
recent  pajwr  of  mine  {.VrfM  on  the  Habits  and  Lije^llhtnry  of 
Stickaput  japonicua  Belenka,  Annotations.  Zaiilogicai  Japonic^, 
vol.  v.,  pt.  1).  I  offered  suggestions  on  the  method  of  propagation 
of  this  holothurian,  after  a  study  of  its  life-Matory.  My  ideas  have 
not  yet  been  given  a  fair  trial,  but  in  Miknwa  Bay,  where  a  part  of 
them  have  been  enforeed,  the  complaint  of  the  derrea.se  of  the  supply, 
at  least,  seems  tu  have  ceased.  I  may  perhaps  be  allowed  to  qtiote  the 
last  parngrapb  af  the  paper.  "After  I  had  thought  out  these  meas- 
uree  of  protection  for  SttcJwpus  japonicua  from  its  habits  and  life- 
history,  my  friend.  Doctor  Kishinouye.  was  traveling  in  the  aome- 
what  out-of-the-way  island  of  Oki,  and  found  that  people  there  had 
been  a  hundred  years  or  more  in  the  habit  of  putting  up  loose  stone 
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pOea  in  the  shallow  sea  in  order  to  obtain  a  supi^j  of  the  holothurians. 
A  village  headman  had  thought  it  out  from  practical  ezperieneea. 
Verily,  thtte  is  nothing  new  under  the  son." 

"Amanofi"  {PorpKyra  tefuro  Ejellman);  "Funori"  {GUriopeUu 
fureata  Poet  and  Ruprecht):  Although  the  present  disouamon  ia  tm 
the  cultiTation  of  animala,  I  eannot  help  alluding  at  thfrend  to  the 
oultivaticm  of  flome  eeaweedfl,  as  one  of  them,  at  Iraet,  is  very  import- 
ant indeed.  The  "amuiori,"or  "asakusanori,"  is  most  extensively 
cultivated  in  various  parts  of  Japan.  Of  all  {daces,  however,  the 
■system  has  reached  greatest  perfection  at  Shinagawa  and  Omori, 
at  the  mouth  of  the  Sumida  River,  which  passes  through  Tokyo. 
In  the  late  autumn  or  in  the  winter  can  be  seen  here  miles  upon 
milee  of  oultuze-areas  in  which  tree-branohes  are  set  up  as  ct^ectors. 
During  the  cold  season  the  alga  keeps  growing  on  them,  and  any 
fur  day  (me  can  see  hundreds  of  little  skiffs,  mostly  with  womm  and 
young  gjris,  going  out  to  ecdleet  it.  Bong  brought  home,  the  jdant 
is  thorou^y  cleansed  and  then  made  and  dried  in  the  ahape  of  thin 
netangular  sheets  about  twmty-^ve  by  eighteen  eentimetos, 
looking  very  much  like  sheets  of  daik  paper.  In  this  state  it  can  be 
kept  for  a  long  time,  and  is  boMl  in  shops.  When  slightly  roasted, 
the  sheets  have  a  peculiar  taste  and  are  used  much  to  give  flavor 
to  various  articles  of  diet.  The  production  about  Tdcyo  alone  is  over 
1,000,000  yen,  and  for  the  whi^  oountry  it  must,  tst  couxse,  be  much 
more. 

"Funori"  (GloiopeUia)  is  tised  as  the  starch-yielding  source  in 
the  manufacture  of  various  kinds  of  silk  and  cotton  goods  and  in 
washing,  and  is  one  of  the  most  impoHant  articles  produced  by  the 
sea.  Its  cultivation  is  not  so  extensive  as  that  of  the  amanori,  but, 
according  to  Mr.  Endo,  it  is  imdertaken  to  some  extent  in  the  village 
of  Shimofuro,  in  the  district  of  Shimokita,  prefecture  of  Aomori,  on 
the  south  side  of  the  strait  between  Hokkudo  and  Honshu.  At  that 
place  there  is  a  large  ledge  of  rock  that  is  exposed  at  low  tide.  Here 
people  place  700  to  800  large  blocks  of  stone,  and  the  alga,  which 
grows  between  tide-marks,  soon  becomes  attached  to  these.  After 
five  or  six  years,  when  the  blocks  become  too  old  and  the  alga  no  longer 
grows  on  them,  they  are  pushed  into  deeper  parts,  and  new  blocks 
are  placed  in  their  stead. 

I  think  I  have  now  given  —  how  imperfectly,  I  am  but  too  well 
aware  —  a  brief  survey  of  the  marine  and  fresh-water  animals 
cultivated  in  Japan.  The  subject  has  always  been  an  attractive  one 
to  me,  as  it  might  in  many  respects  be  called  applied  embryology. 
Aside  from  its  immediate  economical  results,  there  are  many  things 
in  it  which  might  be  utilized  to  solve  problems  in  heredity,  growth, 
ecology,  etc. 
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In  conclusion,  I  wish  to  express  my  thanks  to  all  who  helped  me 
in  the  preparation  of  this  paper.  Especially  I  woiild  mention  Doctor 
Kishinouye,  Messrs.  Fujita,  Mildmoto,  Nishikawa,  Wada,  Fujimura, 
and  Hattori.  To  Mr.  Uchiyama,  my  asdstant,  I  am  indebted  for  much 
painstaking  photographic  work. 
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[Srftnte  Ausust  AnhenitM,  Prorcmnr  of  Plivaica.  Uoivenity  al  Stiockholni.  Electml 
Director  of  the  Kobcl  Institute  of  tbo  Academy  of  Soienoea,  Stockholm.  1905. 
h.  Wiik.DCorUpciAla.Swirdcii,  February  10. 18w.  CftadidAte of  utunJ  pntloso- 
nhv,  iTpMila.  |A75;  ].icpnti«l«  of  natur^  philompKy,  ibid.  IS^t;  Ph.D.  thid. 
1884;  Davy  Medal  1002;  Nabol  Pnie  of  Cheaiistry,  1903;  M  D.  Heidf'lkwr^, 
ISflO.  Doeent  of  Plw«ical  Ch.imwlrj-.  U[«u!»,  ISIM;  Teoeher  ai  Phj'ulot,  Ht-ovk- 
holm,  IWl:  Profntnr,  tftuf.  )S95i  Ki-dnr,  Univoreity  of  Stockliulra.  1897-1902. 
Ifambcr  of  the  AcsdemiM  of  Stockholm.  UpaaJa.  Oothenburs.  Lund,  Cfarig- 
ttania.  Copenhagen.  St.  Pcti'rslmrg,  St.  Louia.  Britiali  Aseociacioa  of  tliK  Royal 
ItiBtiLuliim  ill  I^iiiiltiii,  luid  irinny  (Ahcr".  Wril.U-ii  nimicnni,H  workn  on  c)irnii>- 
tr>'  U)d  phyvia  in  Sn-cdinh,  Gcnniui,  Eogliah,  and  Ruaaian.] 

Meteorology  b  concerned  with  the  scientific  tnvostigaUoa  of 
the  properties  of  the  earth's  atmosphere,  and,  consequently,  is  to 
be  regarded  as  nn  application  of  mochaiiical,  physical,  and  chpmic&I 
sciences  to  the  study  of  this  atmoephero.  An  exhaustive  review 
of  the  relatioti  of  meteorology  to  these  sciences  would  be  practically 
a  review  of  the  science  of  meteorology  itself.  It  is  obvious  that 
the  field  is  far  too  large  to  permit,  in  the  short  time  at  my  disposal, 
of  80  extensive  a  discussion.  I  must,  therefore,  coatoot  myself  in 
preaeiitiiig  to  you  a  short  review  in  connoetion  with  some  of  the 
moat  important  points  of  contact  of  meteorology  with  the  above- 
mentioned  sciences,  which  are  just  now  being  industriously  investi- 
gated. 

The  motions  of  the  air  which  we  designate  atmospheric  currents 
have  long  attracted  the  chief  attention  of  meteorologists.  The 
theoretical  investigations  of  these  motions  fall  naturally  within 
the  domains  of  mechanics,  and  more  particularly  within  that  of 
hydrodynamics.  It  is  well  recognited  that  this  is  one  of  the  most 
difficult  branches  of  mechanics.  When  we  pass  to  the  consideration 
of  the  atmosphere,  the  difficulties  are  notably  increased;  for  we  may 
by  no  means  regard  it  as  an  approximately  incompressible  Quid,  as 
ve  may  a  liquid.  It  Is,  therefore,  not  eurprisiDg  that,  in  spite  of  the 
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great  ingotiuity  expended  upon  this  problem  by  Ferret,  Guldbcrg, 
Mohn,  and  others,  it  has  not  advanced  beyond  the  first  stages  of 
solution.  Although  the  problem  in  its  complete  generality  may 
never  be  solved,  an  adequate  treatment  of  it  is  tolerably  well  as- 
sured ii  the  practically  important  factors  are  taken  into  coosid- 
eration,  while,  on  the  other  hand,  the  leas  important  aspects  of 
the  problem  are  neglected.  In  otber  words,  the  problem  ta  reduced 
to  the  working-out  of  an  ideal  case,  wluch,  although  ne^'er  pre- 
sent in  nature,  will  approximate  to  the  actual  case  as  nearly  as 
possible. 

In  this  connection,  the  working-out  by  Bjerkncs  of  the  eo-called 
circulation  theory  for  the  atmospheric  case  has  attracted  much 
attention.  He  considers  the  density  and  the  pressure  at  ea«h  point 
along  a  closed  curve  in  a  given  mass  of  air,  and  derives  the  conditions 
of  motion  in  a  simple  manner.  Snndstrom,  a  student  of  Rjerknes, 
bs-s  computed  practical  coses.  The  successful  application  of  the 
method  depends  very  much  upon  choosing  the  closed  cur\'c  in  auch 
a  way  that  the  calculation  may  be  carried  out  with  facility  and 
clearness.  Bjerknes  and  Sandstrdm,  with  this  end  in  view,  choose, 
in  preference,  two  perpendicular  lines  whose  end  points  are  cod- 
nocted  by  two  isobaric  lines  (along  which  the  atmospheric  pressure 
is  constant).  Tlie  necessary  int^^raUons  may  be  then  easily  carried 
out  and  lead  to  easily  interpretable  resultB.  The  circulation  theory 
indicates  that  the  iaQueiice  of  the  earth's  rotation,  which  in  general 
complicates  very  much  the  theoretical  treatment,  may  be  treated 
in  an  extremely  clear,  simple,  and  elegant  manner.  In  this  con- 
nection, perhaps  the  greatest  difficulty  involved  is  in  the  comddera- 
tion  of  the  effect  of  friction.  !n  consequence  of  its  magnitude,  the 
fn<!tion  of  the  air  with  reference  tu  the  Hurface  of  the  earth  plays  an 
important  rOle.  It  is  not  a  question  here  of  the  generally  small 
internal  friction  of  the  air,  but  of  the  rctslriction  of  the  motion 
tlirough  tiie  formation  of  vortices,  a  phenomenon  which,  up  to  the 
present  time,  has  been  but  little  investigated;  and  probably  extended 
empirical  work  will  be  neeesgary  before  it  can  be  satisfactorily 
treated. 

Bjerknes.  tike  his  predecessors  in  the  study  of  the  motions  of  the 
air,  disregards  the  time-intervals  in  which  the  accelerations  per- 
taining to  these  motions  occur.  He  therefore  investigates  only  the 
so-called  stationary  state,  whereby  important  simplifications  an 
introduced  without  disregarding  the  practically  important  cases. 

The  application  of  the  circulation  theory  to  the  treatment  of  the 
motion  of  air  in  cyclones  and  anticyclones,  as  well  as  to  atmospheric 
circulation  in  general,  has  already  led  to  very  interesting  conclusions: 
It  is.  therefore,  of  the  greatest  Interest  to  apply  this  theoretical 
method  of  treatment  to  the  great  mass  of  empirical  data  which  has 
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been  furoisbed  from  observAttona  mode  with  the  ^d  of  bulloonii  and 
kites.    Such  work  is  in  iirospect  for  the  near  future. 

Formerly,  the  invcstif^atiou  of  the  atmosphere  in  the  immediate 
neighborhood  of  the  earth's  surface  was  thought  to  bo  aulficient, 
but  now  the  opinion  is  becoming  mora  and  more  prcvoJent  that, 
for  a  deeper  in^nght  into  the  nature  of  the  propertieg  of  the  atmo- 
sphere, an  accurate  knowledge  of  the  higher  layers  of  the  atmosphere 
is  also  necessary.  For  example,  in  the  practical  carrying-out  of  cal- 
euiations,  the  circulation  theory  presuppoeee  a  knowledge  of  the 
pnasure  and  density  of  the  atmosphere  at  various  altitudee. 

In  tho  laal  few  ycard,  quantitative  observations  have  led  to  the 
conclusion  that  the  temperature  of  the  air  in  Ihe  lower  layers  de- 
creases, in  the  mean,  by  about  4°  C.  per  kilometer  increase  in  altitude. 
Further  up.  the  rate  of  decreuae  becomes  still  jircatcr,  ko  that  at 
altitudes  betweea  5  aad  10  kilometera  the  rate  of  decrca»e  is 
somewhere  about  8"  C.  per  kilometer. 

This  is  explained  a.$  due  to  the  adiftbfttic  expansion  of  the  masses 
of  air  with  their  vertical  displacement.  A  rntLS?  of  drj*  air  is,  through 
expanaion,  cooled  in  rising  by  about  9.8"  C.  per  kilometer.  The  pre- 
sence of  moisture  in  con.sequence  of  precipitation  —  cloud-formation  — 
causes  a  decrease  in  thi.i  cooling  effect,  and  the  .somewhat  lower 
figures  derived  from  obser^-ation  are  thus  explained.  The  influence 
of  this  precipitation  of  water  ia  particularly  strong  in  the  lower 
regions  of  the  atmosphere  —  up  to  about  three  kilometers,  where 
the  air  contains  much  water-vapor,  whiofa  gives  rise  to  the  forma- 
tion of  huge  clouds.  Tliifl  application  of  physics  leads  to  the  con- 
clusion that  probably  in  the  higher,  more  nearly  water-free  air 
layers,  the  temperature  sinks  still  more  rapidly  with  increoang 
altitude.  This  conclusion  is,  however,  not  borne  out.  For,  with  a 
decrease  of  8°  C.  per  kilometer,  the  temperature  of  the  air  at  an  atti- 
tude of  about  35  kilometers  would  sink  below  absolute  zero.  In 
other  words,  higher  up  no  air  could  exist.  Rut  observations  on  the 
heights  of  meteorites,  made  with  the  ^d  of  their  glow,  as  well  as 
upon  the  heights  of  auroras,  indicate  that  there  is  an  atmo.<ipbere 
of  considerable  density  at  a  height  of  100  kilometers.  The  decrease 
of  t<mp<:rature  with  altitude  must,  therefore,  be  very  much  smaller 
than  pre^-iously  asHUmod.  This  conclusion,  founded  on  astronomical 
and  physical  observations,  has  been  recently  confirmed  through 
direct  temperature  measuremonts  at  high  altitudes  by  Teisserenc  de 
Bort,  and  .\s9mann.  They  found  that  at  great  altitudes  —  some- 
where about  thirteen  kilometers  —  the  decrease  in  temperature 
with  the  height  is  extremely  small,  practically  vanishing. 

This  cannot  be  otherwise  explained  than  by  the  assumption  that 
at  theoe  altitudes  the  vertical  circulation  of  the  air  is,  in  comparison 
with  other  factors,  too  insignificant  to  be  considered.    Tho  factors 
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are  radiation.  —  heat  conduction  is  too  small  a  factor  to  come  here 
into  couaideration,  —  and  the  addition  of  heat  tlirougli  convection 
currents  from  warmer  surroundings;  the  horizontal  currents,  eo 
far  an  our  observations  go,  become  more  significant  the  greater  the 
altitude. 

Here,  again,  is  a  field  for  the  application  of  physicsL  This  shows 
that  the  £a3CH  which  are  the  chief  constituents  of  the  atmoaphere. 
Oxygen,  nitrogen,  and  argon,  absorb  practically  no  heat,  —  oxygen 
shows  some  weak,  fio-called  toUuric  lines,  in  the  sun's  epectrom.  On 
the  other  hand,  carbonic  acid  gas,  and,  in  a  still  higher  degree, 
water-va]>or,  vluch  cnt«r  to  Bomo  extent  into  the  constitution  of 
the  atmosphere,  poaseaa  a  remarkable  capacity  for  absorption  of 
the  non-luminous  beat  radiation.  They  thus  effect  a  moderating 
influence  upon  the  climate.  This  is  a  well-known  fact,  which  Is  quite 
evident  when  the  daily  variation  in  temperature  at  a  dry  place, 
e.  g.,  in  the  desert,  is  compared  with  that  at  a  damp  place,  e.  g.,  on 
an  oceanic  island.  Alx>ut  a  hundred  years  ago,  Fourier  and  Pouillei 
showed  that  the  air  actH  in  a  similar  way  to  the  gl&Ks  of  a  hothouse 
bed.  This  Ib  true  for  water-vapor,  and  carbonic  acid  gaii,  and  abo 
for  a  few  other  gases  which  enter  to  a  less  degree  into  the  constitu- 
tion of  tho  atmonpherc,  namely,  ammoniac,  and  the  hydrocarbons.  If 
the  quantity  of  these  gases  in  the  air  mcrcase^.  the  hothouse  action 
also  increases,  and  the  temperature  of  the  earth's  surface  i«  incrcaeed. 
Furthermore,  tho  warming  of  the  earth's  surface  through  direct 
radiation  from  the  sun  is  diminished,  while  that  of  the  air  is  in- 
creased. The  vertical  circulation  in  the  lowest  layers  of  the  atmo- 
sphere would,  by  virtue  of  the  absorption,  be  decreased;  on  the  other 
.  hand,  the  horizontal  circulation  in  the  higher  layers  would  be  Id- 
creased,  whereby  the  differences  between  the  temperatures  of  the 
air  at  various  places  of  the  earth  would  decrease. 

As  &  matter  of  fact,  geology  teaches  us  that,  in  eaiiier  times,  for 
the  last  time  in  the  Tertiary  period,  the  temperature  of  the  air  wu 
not  only  much  higher  than  now  (in  the  Tertiary  [wriod  about  10°  C). 
but  also  that  it  was  much  more  uniformly  distributed.  In  order 
to  explain  this,  there  has  been  previously  found  no  more  plausible 
ground  than  the  assumption  that  there  has  been  a  change  in  the 
content  of  the  atmosphere  with  respect  to  the  heat-abeorbing  gases, 
and,  in  this  connection,  one  thinke  first  of  carbonic  acid  gms. 
Through  thp  increase  of  heat,  the  content  of  the  air  with  respect 
to  water-vapor  is  greater,  and  the  effect  is  increased.  In  a  similar 
way,  the  lower  temperature  of  the  Ice  age.  through  the  decrease  in 
the  hcat-ahnorbing  cnnRtituents  of  the  atmosphere,  may  be  explained. 

Before  accurate  calculations  can  be  made,  there  is  needed  an 
accurate  spectrum  analysis  investigation,  particularly  in  the  ultra- 
red  spectrum,  of  the  gases  which  are  important  in  this  connection. 
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At  any  rate,  the  previously  made  calculations  seem  to  indicate  that 
thn  order  n{  mngnitiidc  of  the  poBsible  vanutinnn  in  about  s«  large  as 
the  corroiiponditig  obson'ationg  of  the  ^:cologi»ts. 

Here,  then,  the  acicnced  of  moteorolog)*,  physics,  likewise  ^iioology 
or  it«  companion  »ciencea.  botany  and  zoiilogy,  work  together.  Mcteor- 
ology  has,  of  course,  not  only  to  consider  the  present  condition 
of  the  atmosphere,  but  also  the  past,  and,  so  far  as  possible,  its 
future  condition. 

1  have  recently  carried  out  a  calculation  vith  respect  to  the  sun's 
corona  which  showa  that  the  temperature  of  the  corona,  which  may 
be  r«^rded  as  tocating  the  highest  atmosphere  of  the  suii,  may  be 
considered  as  due  solely  to  radiation  from  the  sun.  Although  the 
radiation  there  is  incomparably  greater  than  in  the  highest  layers 
of  the  earth's  atmosphere,  it  is  yet  probable  that  here  the  tem- 
perature of  the  floating  dust- particles  —  especially  those  which 
through  their  negative  charge  serve  in  the  explanation  of  the  polar 
lights  —  is  chiefly  determined  by  radiation,  from  the  sua,  and 
from  the  earth.  The  temperature  of  these  dust- part  ides  on  the  side 
of  the  earth  facing  the  sun  lies  between  40*  C.  and  QO"  C,  and  upon 
the  dark  side  between  —  30*  C.  and  — 40°  C,  in  temperate  zones. 
This  temperature  may  be  regarded  as  approximately  that  of  the 
highest  layers  of  the  atmosphere.  It  is,  in  any  case,  much  higher 
than  formerly  supposed. 

We  have  now  penetrated  to  a  certain  extent  mto  the  domain 
where  meteorology  and  the  modern  theory  of  electrons  come  into 
contact.  C.  T.  R.  Wilson  showed  thai  the  negative  electrons  of  the 
air  serve  to  a  RTcatcr  degree  than  the  positive  electrons  as  condensa- 
tion nuclei  in  the  precipitation  of  water-vapor.  A  consequence  of  this 
is  that  generally  the  precipitation  i&  negatively  electrically  charged, 
a  fact  recngiiized  by  Franklin,  and  later  confirmed  by  Klster  and 
Geiteb  Furthermore,  since  the  ionization  of  the  air  increa»e»  with 
the  altitude,  it  is  reasonable  to  expect  that  the  clouds  will  be  more 
strougly  charged  the  greater  the  height  at  which  they  are  formed. 
This  conclusion  is  confirmed  by  cxpcrieniic.  Clouds  whifh  are 
formed  at  low  altitudoa  are,  for  the  moat  part,  only  weakly  electrified; 
and  the  peculiar  thunder-clouds,  which  arc  more  Ktrongly  charged 
the  higher  the  rising  air-currents  upon  whose  upper  side  they  are 
formed  extend,  originate  at  great  altitudes.  Such  powerful  air- 
current!)  occur  to  the  best  advantage  over  the  land  at  the  hottest 
time  of  the  year,  and  upon  this  fact  depends  the  distribution  of 
thunder-storms  with  reference  to  the  time  of  year.  With  respect 
to  the  warm  air-currente  over  the  sea.  the  conditionB  are  juet  th« 
reverse.  Since  the  excess  of  temperature  of  the  sea  over  its  sur- 
roundings is  greatest  in  winter,  the  fact  of  the  maximum  occurrence 
of  oceanic  thunder-storms  in  winter  is  explained. 
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Through  rainfiiil,  negative  electricity  is  communicated  to  the 
eartli,  while,  in  the  higher  layers  of  tho  atmosphere,  where  the  clouds 
originate,  an  excess  of  positive  electricity  romaina  behind.  In  this 
giinple  way,  according  to  J.  J.  Thomson,  atmospheric  electricity  ia 
explained.  Part  of  the  negative  charge  of  the  earth's  surface  goes 
back  into  the  air  by  conduction.  This  phenomenon  is  much  more 
marked  in  eummcr  than  in  winter,  and  hence,  the  reason  for  the 
smaller  negative  charge  of  the  earth's  surface  in  summer  is  esUb- 
Uahed. 

Obaervstions  on  polar  lights  indicate  that  in  the  highest  layers  of 
the  atmosphere  there  is  again  a  negative  vhargc  present.  To  explain 
this,  it  Is  assumed  that  small  globules,  which  are  formed  in  the  neigh- 
borhood of  the  sun  tlirough  condensation  on  n^atlvc  electrons,  are 
driven  away  from  the  sun  by  radiation  pressure  and  later  entangled, 
to  a  certain  extent,  by  the  highest  layers  of  the  atmospheric  envelope 
of  the  planets.  Thus  the  relation,  diKnivered  by  Busch,  between  the 
dust  content  of  the  highest  atmuspherin  kyerg  and  the  eleveo-year 
sun-spot  period  is  quite  Intelligible.  These  globules  carry  tbturnega- 
tivo  chargt!  with  thcni,  and  ronectjuemtly  there  originate  tho  electrical 
dtscbargeH  whirh  give  rise  to  the  polar  li^hta.  I  n  this  way  is  oxplaJncd 
tho  coincidence,  found  by  Bchwabc,  of  tlic  sun-spot  periods  with  the 
polar  lights.  Furthermore,  the  ions  of  the  air,  produced  by  the  dis- 
cbarges, give  rise  to  the  condensation  of  wator-vapor;  and  in  this  way 
the  roraarkahle  frequency,  noticed  by  Tycho  Braho,  and  prominently 
mentioned  by  Ad.  Paulsen,  of  the  occurrence  of  higher  clouds  in  polar 
light  years,  is  explained. 

We  have  now  reached  a  very  interesting  part  of  our  discussion,  to 
which  the  facts  observed  by  astronomers  and  meteorological  ob8e^ 
vations  stand  in  very  close  connection.  Sir  Norman  Lockyer  baa 
treated  this  subject  very  comprehensively  in  a  report  to  the  Interna- 
tional Solar  ComiDittee  in  Houtbport  in  1903,  and  I  can  therefore 
refer  you  to  this  report. 

AmonK  the  most  puzzling  phenomena  in  connection  with  mcteor- 
olo^cal  data  and  known  facts  concerning  the  sun,  the  balf-yearly 
variation  of  barometric  pressure  is  to  be  mentioned.  This  variation 
shows  a  decided  parallelism  with  the  polar  lights;  bo  there  is  no  doubt 
of  the  existence  of  a  common  caure  for  both. 

The  small  chargefl  particles  in  the  highest  layers  of  the  ntmospbeie 
are  carried  along  by  air-currents,  and  so  give  rise  to  magnetic  ph^ 
nomcna.  ThuK,  the  periodic  daily  variation  of  the  earth's  magnetic 
6eld,  and  tht^  rn\isc  for  thin  variation  being  much  greater  (about 
double)  in  years  Trhcn  sun-spots  are  prevalent,  are  explained.  Ad 
exhaustive  study  of  this  variation  would  pcrliape  furnish  us  with 
a  knowledge  of  the  currents  in  the  very  highest  layers  of  the  atmo- 
sphere. Since  this  knowledge  is  of  the  greatest  importsmceintheinter- 
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pretation  of  meteorological  phenomena  (up  to  now  we  have  no  other 
means  whereby  to  arrive  at  such  knowledge),  it  is  evident  that  meteor- 
ology may  secure  most  important  explanations  from  a  study  of  the 
phenomena  of  the  earth's  magnetism. 

The  chemical  properties  of  the  constituents  of  the  atmosphere 
have  hitherto  received  at  the  hands  of  meteorologists  relatively 
little  consideration.  And  yet,  this  phase  of  the  subject  is  of  the  very 
greatest  importance  to  us.  The  disintegration  of  the  earth's  crust 
and  the  production  of  plant-life  upon  it  stand  therewith  in  intimate 
connection.  Here  again,  carbonic  acid  gas  and  watei^vapor  play  the 
principal  rdle.  An  increase  in  the  carbonic  acid  gas  content  of  the  air 
would  promote  in  the  highest  degree  the  luxuriousnesa  of  plant-life. 
And  consequently,  more  oxygen  would  be  produced.  Probably,  as 
first  suggested  by  Koene,  all  the  oxygen  of  the  atmosphere  is  a  pro- 
duct of  plant-life,  which  has  reduced  the  carbonic  acid  gas  coming 
from  volcanoes  to  oxygen.  The  amount  of  coal  present  in  the  earth's 
crust  corresponds  tolerably  well  with  the  amount  of  oxygen  in  the 
atmosphere.  In  addition  to  the  carbonic  acid  gas  referred  to  above, 
that  which  is  stored  in  the  carbonates  —  particularly  in  limestone  — 
must  have  been  gradually  removed  from  the  earth's  interior  through 
volcanic  action. 

From  the  foregoing,  we  perceive  how  extraordinarily  powerful 
have  been  the  chemical  processes  at  the  boundary  surface  between 
the  atmosphere  and  the  solid  crust  of  the  earth.  Moreover,  the  appean- 
ance  of  oxygen  in  the  atmosphere,  which  is  so  vastly  important  in 
animal  as  well  as  in  human  life,  is  explained.  One  might  have  ex- 
pected that  this  constituent  of  the  atmosphere,  so  chemically  active, 
would  long  ago,  through  disintegration  processes,  have  been  con- 
sumed. In  this  domain,  meteorology  and  plant  physiology  work 
together. 

The  other  constituents  of  the  atmosphere,  nitrogen,  argon,  and  the 
numerous  rare  gases  recently  discovered  by  Ramsay,  are  remarkable 
by  virtue  of  their  chemical  inertness.  It  is,  therefore,  not  astonishing 
that  they  have  remained  in  the  atmosphere.  It  is  much  more  sur- 
prising that  one  of  these  gases,  namely,  helium,  is  not  more  met  with 
in  the  atmosphere,  since  it  has  been  pointed  out  that  many  sources 
furnish  helium  to  the  atmosphere  from  the  interior  of  the  earth. 

In  order  to  explain  this  difficulty,  Johnstone  Stoney  assumes  that 
the  lightest  gases,  hydrogen  and  helium,  have  such  active  molecular 
motions  that  the  earth's  gravitational  force  is  not  sufficiently  strong 
to  hold  them  to  our  planet.  Against  this  view,  the  objection  has  been 
made  that  the  helium  would  escape  from  the  higher  layers  of  the 
atmosphere,  and  that  there,  on  account  of  the  existing  low  tempera- 
ture, the  molecular  motions  of  the  gas  are  extremely  much  reduced. 
Without  wishing  to  dispute  that  the  Johnstone  Stoney  view  has  to 
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oombat  tiie  difficulty  that  it  dunandB  somewhat  more  active  mole- 
oular  motions  for  helium  than  is  called  for  l^  the  mechanical  theory 
of  gases,  we  must  yet  admit  that  the  objection  based  upon  the  low 
temperature  of  the  highest  atmos^dieiie  layns  Is  weak. 

Another  peculiarity  concttning  the  distribution  of  gases  in  the 
atmosphore  is  brought  out  in  tlie  observations  on  polar  lights.  The 
prindpal  line  in  tiie  spectrum  of  the  p<dar  lights  is  that  corresponding 
to  the  rare  gas,  oiypton,  which  is  only  present  in  extremely  small 
quantities  in  the  lowarregionB  of  our  atmoei^itte.  &  William  Ram- 
say is  therefore  of  the  ojouion  that  crypton  must  be  muoh  nuire 
generously  distributed  in  the  higher  layers  of  Ha  atmoe^uie  than  in 
the  lower.  Furthermore,  teste  of  air  taken  at  different  altitudes,  as 
well  as  in  rimng  or  falling  airnsurrents,  indicate  that  the  stirring-up 
of  tlie  ur  through  vertical  oiroulation  is  sufficient  to  oblitsrate  the 
difference  in  the  constitution  of  the  ur  at  Afferent  altitudes  wlueh 
would  obtain  in  quiet  air  owing  to  the  different  dennty  of  its  consti- 
tuents. Since  crypton  is  heavier  than  ur  in  the  mean,  one  would  ex- 
pect a  tendency  wherel^  tlus  gas  would  be  rarer  in  the  higher  layers 
of  the  atmosphere  than  below.  The  dearing-up  of  this  interesting 
question  is  left  for  thorough  spectiium  analyos  investigations. 

From  this  short  sketch  we  penmve  that  metecmdogy  not  only 
stands  in  the  oloeest  connection  with  other  branches  of  phj^esl 
science  as  well  as  with  hydrodynamics,  but  that  it  is  also  ooniweted 
intimatdy  with  questions  of  chemical,  gecdt^poal,  and  biolo^esl 
character.  The  study  of  the  so-called  phanologistio  phenomena, 
i.  e.,  the  pmodioally  recurring  life-i^oeesses  of  the  animal  and  plant 
world,  is  alao  of  striking  importance  in  elimatological  investigations. 
Furthermore,  physical  geography  and  meteorology  have  much  in 
common. 
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IcKimatioaal  Cloud.  A^rooautical  and  ^lar  Conimintoiu.   Fellow  and  libninnn 

'  of  American  Academy  of  AjrtaiiiiiiS^ifiiiM'6;  Correspondimi;  member  of  Krilish 

'  AMDCutkin  for  AdTKooWDtiit  nf  Bciincc;    Di-utAcUf   Mttirort>'luffi;«clt«  GL-aril- 

^^~adiBfl;  OeutaclMirVcmnfDrLuftBchiffaiirt;  C<iuiidloTot8oci£b£M£Wuruk>Kisue 

^^Kde  Fnace,  etc  AuAar ot  SoundtTig  iKc  Otcan  ol  Air,   ObMrvalioru  amf  Intv*- 

^Vl^oftOM  at  Btw  UtU,  \D  Annalti  o/  Hmrard  Colkas  Otmrvattry.  AmooaX* 

'  Editor,  AitUTiean  MeUonhgtcai  Journal,  lHS6-lH06.f 

NrvER  in  the  history  of  the  eciencc  have  bo  many  prohlems  pre- 
sented themselves  for  solution  as  at  the  present  time,  NumerDua 
a  prwri  theories  require  demonstration,  and,  in  fact,  the  vhnle  ntruo- 
ture  of  inet«^>rology.  which  has  been  erected  on  hypnthcsea,  needB  to 
be  strengthened  or  rebuilt  by  experimental  e\ndcncc.  Until  recently 
I  (be  obeervations  hftve  been  carrifld  on  at  the  very  bottom  of  the 
atmosphere,  and  our  prcdcceMors  have  been  eompnrcd  jiisHy  to  shelU 
fiah  groping  about  the  abyssee  of  the  ocefin-Uoor  to  which  they  are 
confined. 

Probably  meteorology  had  its  origin  in  a  crude  system  of  weather 
predictions,  based  on  signs  in  the  heavens,  and  it  did  not  become  & 
science  until  the  invention  of  the  principal  meteorological  insrtrumcnts 
in  the  seventeenth  century  made  posable  the  study  of  climatology  by 
the  collection  of  exaot  and  comparable  observatioiiB  at  many  places 
on  the  globe.  These  data,  owing  to  extensive  operational  of  the  meteor^ 
ologicaJ  Hei^'ices  in  the  different  countries,  are  now  tolerably  complete, 
there  beiiif;  comparu lively  amall  portions  of  the  land-surface,  at  leaat, 
for  which  the  climatic  elements  are  not  fairly  well  known,  the  gaps 
that  remiun  to  be  filled  lying  chiefly  on  the  Antarctic  continent  and 
in  the  interior  of  Africa. 

Although  it  is  about  fifty  years  ago  since  the  first  obBervationa, 
made  synchrnnougly  over  a  considerRhle  territorv',  were  telegraphed 
to  a  central  office  for  the  purpose  of  forecasting  the  weather,  it  must 
be  confessed  that  practically  no  progress  ha«  been  realized  in  this  art, 
for,  while  much  haa  been  done  to  complete  and  extend  the  area  under 
obflcr^'fttion  by  the  creation  of  a  finer  and  wider  network  of  atationa, 
and  while  the  transmission  of  the  obeervations  and  the  dissemination 
of  the  forecasts  based  on  them  have  been  accelerated,  tlie  methods 
fflnployed  in  formulating  the  forecasts  are  essentially  those  empirical 
rules  which  were  adopted  at  the  inception  of  the  work.     A  recent 
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extonsioD  of  the  field  of  obaervalioa  over  the  ocean,  by  irirelees  tele- 
graphy, may  here  be  mentioned  as  oSering  advantages  to  certain 
countrioe;  for  example,  the  reports  now  being  received  in  England 
from  steamers  in  mid-Atlantic  give  information  about  the  approach- 
ing weather  condilions,  —  subject,  of  course,  to  any  subsequent 
changed.  —  long  before  they  reach  the  western  shores  of  the  British 
lales.'  Nevertheless,  the  data  obtained  atill  relate  mainly  to  the  lowest 
strata  of  the  atmosphere,  and  we  are  ignorant  of  the  conditions  that 
prevail  at  the  height  of  a  mile  or  two,  both  during  atorma  and  in  fine 
weather.  Until  these  are  knon-n.  and  their  sequence  in.  the  upper  and 
lower  atmosphere  has  been  estiiblLshed  by  careful  investigation,  our 
weather  forecasts,  based  on  synoptic  observatiomi,  will  eontioue  to 
t>e  largely  empirical.  However,  it  should  be  remembered  that,  since 
weather  prcdictiomi  constitute  the  aspect  of  meteorology  which  most 
appcalH  to  mankind,  the  incentive  to  improve  them  in  the  most  likely 
to  atiiiiuiatc  the  iuvestigutions  needed.  Therefore  it  i«  the  problems 
of  dynamic  meteorology  that  now  press  for  solution,  and  to  achieve 
this  purpose  we  must  not  only  look  upward,  but  also  elevat-e  our- 
selves, or  our  instruments,  into  the  higher  regions. 

This  mode  of  study  belongs  entirely  to  the  last  half-century,  for 
only  within  that  period  has  a  systematic  attempt  been  made  to  ascer- 
tain the  conditions  prevailing  in  the  upper  air.  To  the  credit  of  the 
United  States  it  should  be  remembered  that  the  first  post  of  observa- 
tion upon  a  mountain  peak  was  one  established  in  1S7I  upon  Uount 
Washington  in  New  Hampshire,  and  this  waa  soon  followed  by  the 
highest  observatory  in  the  world,  maintained  duritig  fifteen  year* 
upon  the  summit  of  Pike's  Peak  iu  Colorado.'  The  observatory  upon 
the  Puy  de  Dfime  in  France,  opened  in  1876,  was  the  first  mountain 
station  ill  Europe  to  be  equipped  with  self-recording  instruments.' 
A  la^e  amount  of  data  has  been  collected  at  these  stations  which 
illustrate  chiefly  the  climatology'  of  the  mountainous  regions,  for  what 
we  obtain  in  this  way  still  pertains  to  the  earth,  and,  as  is  now  admit- 
ted, does  not  represent  the  conditions  prevailing  at  an  eriuul  height  in 
the  free  air.  During  the  present  ccntur>',  the  organized  cfFortJt  which 
have  been  made  to  explore  the  ocean  of  air  above  us  have  already 
resulted  in  a  Kreat  increase  of  knowledge  respecting  the  atmosphere  as 
a  whole.  This  task  of  ascertaining  the  conditions  of  the  free  air  waa 
restimed  in  1K.SS  with  balloon  a'^oents  in  Germany,  in  which  special 
precautions  were  taken  to  obtain  accurate  temperatur«s,*  previous 
observations  in  balloons  leaving  much  to  be  de.sired  in  this  respect. 
Four  years  later  tlie  French  demonstrated  that  by  means  of  balloons 
carrying  only  self-recording  instruments,  meteorological  information 

•  S'atvrf.  vol.  i.sx.  pp.  396-397. 

■  A  mrn'can.  MrtMivtogioal  Jmrwd,  vol.  vm,  pp.  305-405. 
>  Ibid.  vol.  n.  pp.  53&-54S. 

•  Ibid.  vol.  tx,  pp.  245-251. 
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might  be  acquired  at  heights  far  greater  than  those  to  which  a  human 
being  can  hope  to  ascend  and  live.*  The  use  of  the  807called  ballons- 
$ondea,  liberated  and  abandoned  to  their  fate  with  the  expectation 
that  when  they  fall  to  the  ground  the  records  will  be  recovered,  was 
soon  adopted  in  Germany,  and  has  since  spread  all  over  Europe.  It 
has  been  introduced  into  the  United  States  by  the  writer,  who  has 
just  dispatched  the  first  of  these  registration-balloons  from  St.  Louis, 
hoping  in  this  way  to  obtain  the  temperatures  at  heights  never  before 
reached  above  the  American  continent.' 

In  1894,  at  the  Blue  Hill  Observatory,  near  Boston,  kites  were  first 
used  to  Uft  self-recording  instruments  and  so  obtain  graphical  records 
of  the  various  meteorological  elemeuts  in  the  free  air.*  and  this  me- 
thod of  observation,  which  presents  the  great  advantage  of  securing 
the  data  in  the  different  atmospheric  strata  almost  simultaneously 
and  nearly  vertically  above  the  station  on  the  ground,  has  been  exten- 
sively employed  both  in  this  country  and  abroad.  Heights  exceeding 
three  miles  have  been  attained,  and  it  is  possible  to  ascend  a  mile 
or  two  on  almost  any  day  when  there  is  wind.  To  render  the  method 
independent  of  this  factor,  the  plan  of  flying  kites  from  a  steamship 
was  introduced  by  the  writer  three  years  ago,^  and  this  scheme,  too,  is 
now  being  successfully  employed  in  Europe.  The  exploration  of  the 
free  air  by  balloons  and  kites,  it  may  be  remarked,  has  given  rise  to 
the  construction  of  special  types  of  light  and  simple  self-recording 
instruments,  which  are  capable  of  recording  automatically  the  values 
of  temperature,  moisture,  and  wind  with  a  prectdon  comparable  to  the 
eyfr-readings  of  standard  instruments  by  a  good  observer. 

Having  examined  some  of  the  newer  methods  of  meteorological 
investigation,  let  us  now  consider  how  they  may  help  to  solve  certain 
problems  in  dynamic  meteorology.  It  should  be  premised  that,  since 
the  atmosphere  is  relatively  a  thin  layer  with  respect  to  the  globe 
which  it  covers,  no  portion  of  it  can  be  regarded  as  independent  of 
another,  and,  consequently,  a  weather-map  of  the  whole  globe,  day  by 
day,  is  of  prime  importance.  Were  this  provided,  the  atmospheric 
changes  occurring  simultaneously  in  both  hemispheres  could  be 
watched  and  their  relation  to  what  have  been  called  "  the  great  centres 
of  action"  investigated.'  Thanks  to  the  increasing  area  covered  by 
reports  from  the  various  weather  services,  the  unmapped  surface  of 
the  globe  is  being  diminished,  so  that  a  complete  picture  of  the  state 
of  the  atmosphere  each  day  over  the  land  is  gradually  coming  into 
view. 

'  Nature,  vol.  XLVni,  pp.  160-161. 
'  Science,  N,  8.,  vol.  xxi,  pp.  76-77. 

•  Quarterly  J&urtwU  of  Royal  Meteorological  Society,  vol.  xxiv,  pp.  2S0-259. 
'  Ifyiei  vol.  xxviii,  pp.  1-16. 

*  Report  of  Inlemational  Meteoroloffical  Committee,  St.  Petereburg,  1899, 
Appendix  xi. 


The  mathematical  application  of  the  theory  of  a  rotating  sphere 
surrounded  by  a.  heiited  Atmosphere  to  explain  the  circulation  of  the 
atmosphere  as  we  find  it,  has  not  been  satisfactoi^,  owing  to  our  lack 
of  Icnowledge  of  the  conditions  of  the  upper  air,  as  well  as  our  ignor- 
ance concerning  the  physical  properties  of  the  atmosphere  itaelf.  To 
acquire  the  latter  knowledge,  rofloorch  laboratories  must  be  eatsb- 
liahed  at  oelccted  points,  at  both  high  and  low  levoln.  and  as  aubjocte 
of  study  there  may  be  mentioned  the  determination  of  the  amount  of 
beat  received  from  the  sun  ami  its  secular  variation,  if  any,  the  radiat- 
ing and  absorbing  power  of  the  air,  the  relation  of  pressure,  density, 
and  temperature,  the  chemical  composition  of  the  air,  its  ionization 
and  radioactivity,  and  other  investigations  which  have  been  proposed 
by  Professors  Abbe  and  Mc  Adie  '  in  their  pleae  for  the  creation  of  such 
aerophysicat  laboratories.  The  observatory  now  under  constructtoo 
by  the  United  States  Weather  Bureau  on  a  mountain  in  Virginia  will, 
it  is  ho[>ed.  enable  ticme  of  these  problems  to  receive  the  attention 
which  they  deserve,' 

The  average  circulation  of  the  lower  atmoaphere  la  now  well  known, 
by  reason  of  the  uioimniental  work  of  Lieutenant  Maur^'  on  the  winds 
over  the  oceans,  and  from  the  masa  of  data  since  collected  over 
oceans  and  continents  through  the  meteorological  orgaouations 
of  the  various  countries.  While,  naturally,  much  leas  is  known  re- 
garding the  circulation  of  the  upper  air,  a  great  deal  has  been  ascer- 
tained from  the  observations  of  clouds  that  were  instituted  a  few 
years  ago  in  various  partsof  the  world  by  an  international  commiasion. 
In  order  to  inmire  that  the  same  cloud  should  everywhere  be  called 
by  the  same  name,  it  was  necessary  to  instruct  the  obacrvcri!  by 
publishing  a  cloud-atlas,'  containing  pictures  and  descriptions  of 
the  typical  forms  of  clouds  which  experience  has  shown  to  be  iden- 
tical all  over  the  globe.  Then .  during  one  year  which  had  been  agreed 
upon,  measurements  of  the  direction  of  drift  and  the  apparent 
velocity  of  the  several  cloud-types  were  made  at  many  stations, 
and  measurements,  by  trigonometrical  or  other  methods,  of  the 
height  of  these  clouds  above  a  few  selected  stations  enabled  the 
true  velocity  of  the  air-currents  to  be  determined  up  to  the  altitude 
at  which  the  cirrus  clouds  float.*  Thus  an  actual  survey  of  the 
direction  and  speei]  of  the  atmospheric  circulation  at  different  leveU 
was  effected,  and  a  recent  diacusaion  of  the  results  by  Profettor 
Hildebrandsson  shows  that  the  tlieories  which  have  been  held 
heretofore  are  untenable.  Profeasor  Hildebrandseon's  conclusions  in 
brief  are  that  there  is  no  exchange  of  air  between  poles  and  equator, 
the  circulation  over  the  oceans,  at  least,  resohnng  iteetf  Into  four 

'  Smithjianmn  MitrfUanroun  ColtrcHtnu.  vol.  xxxit.  no.  1077. 

'  A'cid'cjuj^  Gcofp^-phie  Maqasinc,  vol.  xv,  pp.  442—446. 

'  Aflat  IrtUmationol  de»  jVu/m<«,  Paris,  IS®6. 

*  Quartfrly  Journal  ttf  Hatial  MtUorologital  SoeUty,  voL  XXX,  pp.  317-922. 
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great  whirls,  the  air  which  risea  above  the  tropics  flowing  over 
the  tradee  and  desceuding  probably  in  the  extra-tropical  regions, 
while  arouiid  each  pole  is  an  independent  cyclonic  circulation.' 
Although  thia  general  circulation  of  the  atmosphere  appears  to  be 
indicated,  nuiny  details  require  to  be  invetttiguted.  In  particular, 
the  movemGots  of  the  niaoses  of  air  overlyitig  the  trade-winds  and 
doldrums,  which  is  a  r^on  nearly  barren  of  upper  clouds,  are  still 
unknown,  and  the  detrrmination  of  thcw  movements,  aa  well  us  the 
temperature  and  humidity  of  the  different  strata,  by  means  of  kites 
flown  from  stcamshipH,  was  tiuggcstcd  by  the  writer,  since  it  would 
be  poenble  in  this  way  to  penetrate  even  the  maaws  of  quiescent 
air  which  probably  separate  the  trade-winds  from  the  superposed 
anti-trades.'  This  suggestion  has  already  been  put  in  practice  on  the 
yacht  of  the  Prince  of  Monaco  in  the  neighborhood  of  the  Azores,' 
but  a  more  extensive  campaign  is  necessary,  which  the  writei'  him- 
self hopes  to  undertake,  if  the  funds  necessary  to  charter  and  equip 
a  steamer  can  be  procured. 

Here  it  will  be  encouraging  to  state  some  results  of  the  efforts  to 
ascertain  the  vertical  thermal  and  hygronietric  gradient!)  tn  the 
atmospheric  orcaii,  and  to  show  what  may  be  ac-romplishod  in  the 
future.  Observations  un  mountains,  as  wy  have  seen,  cannot  be 
oxpectC4l  to  give  the  conditions  which  exist  at  the  corresponding 
heights  in  the  free  air,  and  hence  the  neco»ity  of  Mending  observers 
K-  self-recording  instruments  into  this  aiedium  through  the  agency 
of  balloons  and  kites.  By  the  aid  of  an  intomational  commisaon, 
formed  eight  years  ago  under  the  direction  of  Professor  Hergeselt 
at  Strassburg.  much  has  been  accomplished  in  Europe  in  this  way, 
and  something  in  this  country-  through  kite-flight«^  At  the  present 
time  such  atmospheric  soundings  are  made  once  a  month  in  most 
European  countries,  and  at  Blue  Hill  in  the  United  Stales,  with  the 
result  that  a  knowledge  is  being  acquired  of  the  vertical  gradients 
of  the  metet)rologirBl  elements  which  entirely  contradicts  previous 
conceptions.  For  example,  it  was  formerly  supjKjaed  llmt  the  tem- 
perature diininished  with  increasing  altitude  metre  and  more  slowly, 
and  that  at  a  height  of  about  ten  miles  it  remained  invariable  during 
winter  and  summer  and  above  pole  and  equator.  But  the  recent 
investigations  of  my  colleagues  in  France  and  Germany  show  that 
the  temperature  dccrcassfl  faster  and  faster  as  one  rises  in  the  air, 
and  that  not  only  is  there  a  large  seasonal  variat-ion  at  the  greatest 
hrighte  attained,  but  that  non-periodie  changes  oe?ur  from  day  to 
day,  as  they  do  at  the  earth's  surface.*    Still  more  remarkable  is  the 

'   Quarlrrtv  Journal  of  TUtynl  Mrlforolagiral  Sacirtif,  voi-  XXX,  p(>.  322-343. 
'  Mont/JyWralhfr  Review  of  United  States  Weather  Bumti,  vol,  xxx.  pp.  181- 
183. 
i  Natti"-.  vol.  utxi.  p.  4<I7. 
*  JVmMVy  TFtolW  /frnm,  vol.  xxx,  pp.  357-350. 
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indicatlDn  of  a  warm  current  at  a  height  of  nbotil  seven  milc<.  wh'ii 
the  atratificalion  of  llie  atmosphere  as  regards  temperature,  moisture, 
and  wind  has  been  shown  hy  the  kite-flights  at  Blue  Hill  to  b«  a 
normal  tontiitioci,  and  not  niurely  confined  to  the  high  atmosphere, 
as  wm  formerly  euppO!>cil.  Daily  soundinge  of  the  atmosphere  to 
the  height  of  a  mile  or  two  are  qow  being  tnade  with  kit«8  or  cap- 
tive balloons  at  the  nietoorological  institutes  of  Berlin,  Hambui^. 
and  St.  Petersburg,  and  arc  furuialiiiig  valuable  data  concerning 
the  changes  in  the  meteorological  elements  which  occur  simulla- 
neously  or  successively  i»  the  overlying  strata, "^ 

Of  the  various  unsolved  questions  rei&tiiig  to  this  subject,  perbapt 
the  most  important  is  whether  the  core  of  the  cyclone  posaenMw 
the  excess  of  temperature  over  the  surrounding  body  of  air  which  the 
ronvcctiunat  theor)'  of  its  origin  requires.  We  need  to  know  also 
the  height  tu  which  the  cyclone  extends,  the  circulation  around  it 
at  varioun  levels,  and  further  to  generalize  the  theory  of  an  accom- 
panying cold-centre  cyclone  in  the  upper  air,  deduced  by  Mr.  Clayton 
from  the  Blue  Hill  observations.*  Other  important  questions  which 
can  tic  eluridated  by  future  researches  are  the  conditions  favorable 
for  precipitation  and  the  action  of  dust-nuclci  in  producing  it,  the 
source  of  our  American  eold-wavos,  the  exMt  rel&tiotu  of  thunder 
Bturma  and  tornadoes  to  centres  of  pressure  and  temperature,  and, 
finalty,  the  causes  which,  in  the  upper  air.  iniluence  the  trajectories 
and  velocities  of  the  cyclones  and  antt-cyclones  that  give  ua  our 
broader  weather  features.  When  these  correlations  are  determined 
fnim  the  investigations  of  the  free  air  now  in  progress,  and  we 
possess  a  suflicieat  number  of  atiriaJ  stations  to  make  it  possible 
to  chjirt  a  daily  map  of  the  upper  air,  then  wo  may  expect  an  im- 
provement in  the  weather  forecasts.  The  predietion  of  fog  over  the 
ocean  on  and  adjacent  to  our  coasts  is  of  great  practical  importance 
to  shipping,  especially  off  the  banks  of  Newfoundland,  and  the 
writer  believes  that  meteorological  kites  flown  from  a  steamer  in 
theee  regions  would  reveal  the  unknown  conditions  of  temperature, 
humidity,  and  wind  in  and  above  the  fog-bank  which  might  lead  to 
the  prediction  of  the  situations  favorable  to  its  formation. 

We  now  pass  to  another  branch  of  meteorological  research,  namely, 
the  cosmica)  relations.  It  is  incontestable  that  the  sun,  the  source 
of  all  terrestrial  energy,  has  great  Influence  upon  the  magnetic  con- 
ditions of  the  earth,  but  a  consideration  of  the  relation  of  terrestrial 
magnetism  and  meteorology  will  be  left  to  my  colleague.  Dr.  Bauer. 
The  cause  of  atmospheric  electricity  has  always  been  an  enigma 
to  meteorologists,  but  the  discoverj*  of  "ions,"  or  "electrons,"  aa 
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•  Report  oj  Inifrmttumat  Mttfonlogkai  Committa,  Soulhport,  IMS.   Appen- 
<li3c  II. 
■  BIu«  Hill  Moteoiological  Ohoerva.U)Ty ,  BulieHn  no.  1, 1900. 
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carriers  of  electricity  has  thrown  some  light  on  this  question.'  It 
is  of  importance  in  geophysics  to  know  how  the  capacity  of  the  air 
for  positive  and  negative  electrons  varies  with  altitude,  to  learn 
the  periodic  and  non- periodic  variation  of  the  potential  at  the  earth's 
surface  and  the  law  of  dissipation  of  electricity. 

Attempts  to  regard  all  atmospheric  phenomena  as  periodic  and 
due  to  the  influence  of  the  sun  or  moon  have  long  occupied  the 
attention  of  eminent  investigators,  but  it  must  be  admitted  that 
the  effects  of  neither  the  periods  of  solar  nor  of  lunar  rotation 
upon  the  earth's  meteorology  can  be  claimed  to  have  been  proved, 
although  a  correspondence  has  been  found  by  the  distinguished 
speaker  who  preceded  me  in  regard  to  the  frequencies  of  auroras 
and  thundeivstorms  and  the  position  of  the  moon  in  declination.' 
To  Professor  Arrhenius  is  also  due  the  remarkable  generalization 
that  the  pressure  of  light  emanating  from  the  sun  causes  alike  the 
streamlng-away  from  it  of  comets'  tails,  the  zodiacal  light,  and 
the  aurora  borealis.  The  relation  of  sun-spot  frequency,  which  has 
a  periodicity  of  about  eleven  years,  to  atmospheric  changes  on  the 
earth,  especially  as  manifested  by  barometric  pressure,  rainfall,  and 
temperature  in  India,  has  been  investigated,  and  the  coincidences, 
even  if  nothing  more,  which  have  been  shown  to  exist  by  Sir  Norman 
Lockyer  and  his  son  are  suggestive.'  It  may  be  pointed  out  that  the 
same  action  of  the  sun  might  cause  simultaneously  increased  rain- 
fall in  India  and  a  deficiency  of  rainfall  in  England,  because  rising 
currents  in  one  region  arfe  necessarily  accompanied  by  descending 
currents  elsewhere,  and,  therefore,  no  objection  can  be  offered  to  a 
theory  of  cosmical  influence  which  produces  different  weather  con- 
ditions in  different  parts  of  the  globe. 

Since  the  sun  is  the  source  of  our  energy,  the  discovery  of  any 
variation  in  the  heat  emitted  is  of  the  deepest  interest,  and  the 
important  investigations  of  Professor  Langley*  are  now  to  be  sup- 
plemented by  the  broader  work  of  a  committee  appointed  by  the 
National  Academy  of  Sciences  *  and  also  by  an  international  com- 
mission,' with  the  general  object  of  combining  and  discussing  meteor- 
ological observations  from  the  point  of  view  of  their  relation  to 
solar  phenomena.'  It  does  uot  seem  improbable,  therefore,  that 
eventually  we  may  have  seasonal  predictions  of  weather  possessing 
at  least  the  success  of  those  now  made  daily,  and  that  possibly 
forecasts  of  the  weather  will  be  hazarded  several  years  in  advance. 
The  value  of  such  forecasts,  as  affecting  the  crops  atone,  would  be 

'  Tartatridl  Magneliam  and  Atmogpheric  Electricity,  vol.  vi,  pp.  9-10. 
'  Arrhenius,  Lekrbvck  der  Ko»mucnen  Physik,  pp,  791,  893. 
'  Nature,  vol.  utnt,  pp.  351-357. 

•  Rep&rt  of  Secretary  of  Smithaoman  Inatitvtum,  1903,  pp.  23,  78-84. 

•  Science,  N.  S..  vol.  XX.  pp.  316.  930-932. 

•  Quarterly  Journal  of  Royal  Meteorological  Society,  vol.  xxxi,  p.  28. 
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of  inestimable  benefit  to  mankiiid,  and  predictions  already  m&de 
in  India  for  the  ensuing  season,  while  not  entirely  successful,  Imve 
still  proved  advantageous.  A  number  of  short  cycles  in  the  weatfier 
have  been  detected,  including  a  seven-day  period  in  the  temperature, 
which  Mr.  Clayton  found  could  be  used  for  forecasting  were  it  not 
for  an  unexplained  reversal  in  the  phase  of  the  temperature  oscilla- 
tion.' 

The  interesting  question  of  the  value  of  meteorological  obeer- 
vationa  may  appropriately  conclude  this  address.  Profciwor  Schuster, 
the  English  phyaiciat,  has  recently  denounced  the  practice  of  accu- 
mulating these  observations  with  tio  specific  purpose.*  To  an  extent 
tlm  criticism  is  valid  in  all  the  sciences,  since  those  observations 
are  most,  useful  when  made  by  or  for  the  person  who  is  to  utilize 
t.hem,  but  although  modem  meteorology  demands  special  series  of 
observations  to  solve  such  problems  as  the  temperature  Jn  cyeloneis 
and  anti-cyclones,  it  is  sometimes  true  that  long  series  of  observations 
made  with  one  object  in  view  may  subsequently  become  valuable 
for  quite  another  purpose.  For  the  study  of  climate  and  its  possible 
change  long-continued  observations  in  each  country  are  a  necessity, 
though  these  might  properly  be  confined  to  selected  stations  from 
Whose  normals  the  values  for  other  stations  may  be  computod. 
Professor  Schuster's  wish  to  limit  the  number  of  observations  im- 
plies that  the  existing  ecriea  have  been  inadequately  diacusaed,  for 
the  reason  that  it  is  easier  to  find  observers  than  competent  investi- 
gators. For  this  unfortunate  condition  the  weather  services  of  most 
countries  are  chiefly  to  blame,  because,  being  burdened  with  the 
routine  work  of  collecting  climatological  and  synoptic  data  and 
formulating  and  promulgating  weather  forecasts,  which  is  the  public 
estimate  of  their  entire  duty,  most  Government  met«orological 
Organizations  concentrate  their  energies  and  expenditures  on  these 
functions,  and  partially  or  completely  neglect  the  researches  by 
which  alone  our  knowledge  of  the  mechanics  of  the  atmosphere  can 
be  increased.  In  this  criticism  must  be  included  the  United  States 
Weather  Bureau  (exception  being  made  in  favor  of  Professor  Bige- 
low's  discussions),  and  the  similar  bureaus  of  such  equally  enlight- 
ened countries  as  Prance  and  England.  However.  In  the  latter 
country  an  attempt  is  now  being  made  to  create  an  Imperial  meteor- 
ological institute  which  could  undertake  the  discussion  of  the  great 
mass  of  data  accumulated  in  Great  Britain  and  her  colonies,  espe- 
cially the  relations  of  solar  phenomena  to  meteorology  and  magnet- 
ism, and  it  is  argued  that  this  would  eoatribute  towards  the  form- 
ation of  a  body  of  scientific  investigators  adequate  to  the  needs 

'  Frocteding*  of  Anniean  Atadrmy  of  Artt  nnd  .Sn'tnoM,  vol.  XXXIV.  p.  613  (f 

•W. 
*  AddniBs  at  British  ABsociatioc.  Belfast,  19(I2-  ATutuTv,  vol.  LXn.  pp.  617-6I8- 
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of  the  British  Empire,  and  be  of  the  highest  educational  and  scientific 
worth.'  In  the  United  States,  meteorological  r^earch  has  always 
been  fostered  by  individuals,  of  whom  the  names  of  Franklin,  Red- 
field,  Espy,  Coffin,  Maury,  Loomis,  and  Ferrel  are  brilliant  examples. 
To-day  my  colleague,  M.  Teisserenc  de  Bort  in  France,  and  we 
ourselves  at  Blue  Hill,  are  endeavoring,  unassisted,  to  solve  problems 
in  dynamic  meteorology,  which  ought  to  be  underi^aken  by  the  na- 
tional services  of  our  respective  countries.  It  behooves,  then,  those 
who  are  desirous  of  advancing  the  status  of  meteorology  to  strive  to 
convince  the  public  that  the  function  of  a  Government  Bureau  is  not 
merely  to  collect  meteorolc^cal  data  and  to  make  inductive  weather 
predictions  based  on  remembrance  of  the  sequence  in  umilar  con- 
ditJona,  but  that  the  science  of  meteorology  requires  laborious 
researches  by  competent  men  and  the  generous  expenditure  of 
money  before  practical  benefit  can  result  from  improved  weather 
forecasts.  If  some  of  my  hearers  are  converted  to  such  an  opinion, 
this  address  will  have  served  a  useful  purpose. 

'  Sir  3.  Eliot  at  British  Aaaocistion,  Cambridge,  1904.  tfaiun,  vol.  lxx,  p.  406. 
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[Louis  Aoricola  Baoer,  in  eliurge  of  Mugoctic  Worl:  of  United  States Cout  and 
(tixiilKic  Survry  Himrt;  IMll) ;  Dirr^-U>r  ot  DcpurUui^nt  of  Ti-JTi3.lriftI  MagDOtisai, 
CAniegii^  iTistilulion  nf  Wanliinglon.  iinoe  1904.  b.  CindiiiiiilJ.  Oliio,  Jwitiaiy^lO, 
IMU.  Gratluate.  C.E.,  Cinciimati.  1888;  U.S.  Aid.  t8d4;  special  counea.Uiii^ 
vpTOly  of  Bi^rlin,  Ifl02-fl5  (Ph.D.).  Aseielant  Civil  Enginuer.C.  N.  0.4  T. 
R.  R,,  lf*S6-87;  Astronomical  imd  Mognctic  ConmubT,  U.  3.  Ccut  and  Qt 
di-tic  ijurvcy,  ISST-lOUli;  Docect  la  MAthunotical  rhyncs,  UnivcnitT  of  Ch^ 
tmeo,  1895-96;  laalructor  lu  Gwpiiysica,  ibid.  I896-&7;  Awistant  Froftmor 
of  Mat hfrinoticB  ftn<i  M&MicmuticiJ  Phyaica,  Univcreity  of  Cincinnati,  1887-W; 
Chipf  of  l)ivi«nn  nf  TiTTrntrinl  Miynictidin ,  Manljinil  Groki^cal  Survi-y,  RlnQe 
ISflfl:  Locturof  iniT«rn.-BtriaJ  Magupliam,  Jolms  hnpkLiia  Vnivnreily,  sines  1889. 
MenuM'r  (Hon,)  of  Socied&d  Cii-ntilii'.i  Antonio  Aiiato;  r«>nnan«nt  CoDunittW 
on  TemwtriiLl  MuKiintJuii  niid  .ALmiixplifric^  t'lldctri'CJI.v  iil  IiiUiru&lloaial  Heteor- 
olvgicnl  Confcn-ncc;  nlso  of  (_'ornniitl(.-«  on  TcrrrstriJil  Mucnctiam  of  Intrnui- 
lloniil  AMOcintion  of  Acrnliiiiiw>;  W.isliinEton  Academy  o7  Science;  WimbiDg* 
ton  PhlloMphioU  ^orit^ty,  utc.  Editor  oi  Terrtatriat  Uoffmiitm  and  Atm»- 
»ph<rio  EintrkUn,  and  froqucot  voutributor  to  scioitific  pnaii  on  tcnwtnai 
magnetism.] 

In  view  of  the  expansion  of  the  Section  from  "meteorology," 
as  originally  pliuined,  to  that  of  "cosmical  physics/'  I  was  requested 
to  give  a  thirty-minute  address  on  the  problems  of  the  earth's  mag- 
netism, the  two  principal  speakers  dealing  chiefly  with  the  investi- 
gations and  problems  of  meteorology.  The  time  allotted  will  cot 
permit,  however,  a  presentation  of  the  problems  concerning  the 
earth's  magnetic  and  electric  phenomena  with  that  complctenc&s 
arid  thoroughness  the  subject  deserves.  Suffice  it,  therefore,  if  we 
»eloct  HUch  concrete  e.\a]iipleu  as  shiill  be  typical  of  the  relationship 
between  these  problems  and  those  of  the  related  sciencea  of  the 
(rarth.  and  as  aliall  exiiibit  the  rOIe  their  solutions  are  destined  to 
play  ill  the  unraveling  of  many  of  the  vexed  questions  pertaining 
to  the  phyeics  of  tlie  earth  ond  of  the  universe. 

While  eminent  inveatjgators,  not  directly  engaged  in  tnagnetie 
work,  have  evinced.,  in  one  way  or  another,  a  conception  of  the 
prominence  of  this  rfile.  my  humble  opinion  is  that  the  full  ittt- 
portance  is  not  adequately  realized  by  those  concerned  with  the 
problems  of  the  physics  of  the  earth  and  of  the  universe.  The 
chief  reason  for  this  in  tn  lie  sought  in  the  Icu-i  that  it  is  just  begin- 
ning to  be  recognized  that  In  order  to  secure  a  st«ady  advance  in 
our  knowledge  of  the  magnetic  and  allied  phenomena  of  the  earth, 
the  subject  of  the  oarth's  magnetism  must  be  rai.sed  to  that  plane 
of  independent  investigation  occupied  by  its  sister  sciences,  astro- 
phynicR  and  meteorology.  It  must  be  recognised  that  this  subject  is 
to  Ix;  studied  prr  se.  and  not  merely  as  an  adjunct  to  meteorological 
or  geodetic  work.    The  foot  must  be  appreciated  that  to  be  an  ex- 
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p«rt  in  terroatn&l  m&gnetism  requires  a  lifetime  of  exclusive  devo- 
tion and  sitigleiieag  of  purpose,  such  as  is  requisite  for  success  in  any 
of  the  older,  well-recogniied  sciences. 

Tbe  ma^eticiaD  must  struggle  to  have  accorded  him  equal 
pri\ile^s  and  rerognition  with  the  astronomer,  the  astrophysicist, 
the  geologist,  or  the  meteorologist,  I  am  confident  that  the  day  is 
not  far  off  when  even  he  who  devotes  his  entire  time  and  energies  to 
terreatrial  magnetism  will  be  obliged  to  «|)ecialize  ia  this  field  also  to 
secure  the  best  renulis,  jurt  as  the  phyairidt,  for  example,  nowadays 
must  restrict  himself  to  one  definite  branch  of  his  entire  subject.  To 
illustrate,  the  study  of  the  secular  variation  of  the  earth's  magnetism 
is  one  sulEeiently  broad  and  extensive  to  occupy  one's  6ote  atten- 
tion. Thoee  of  our  eminent  investigators  who  are  only  Indirectly 
interested  in  this  branch  nf  terrentrinl  ma^iPtism  are  foiuid  to 
deliver  opinionK  regarding  this  phenomenon  rt>pre»enting  no  advance 
upon  the  ideas  prevailing  a  half-century  or  a  century  a^.  And  thus 
it  hai)pcns  that  pspen  on  the  ncrulur  variation  ore  even  io-day 
being  presented  to  learned  academies  involving  theories  previously 
advanced  and  exploded  by  both  past  and  recent  experienc«. 

The  first  problem,  therefore,  is  to  secure  that  proper  recognition 
of  the  study  of  the  earth's  magnetism  as  a  subject  of  scientific 
inquiry  universally  conceded  as  essential  to  the  best  success  in 
other  science*.  A  great  advance  in  this  direction  must  l>e  re^ordH, 
viB.,  that  the  Camegie  Institution  of  Washington,  in  full  apprecia- 
tion of  tlus  first  and  great  need  of  magnetic  research,  has  recently 
established  a  department  of  Research  in  TerroBtriaJ  Magnetism  on 
an  entirely  independent  fooling  from  lis  other  established  depart- 
ments, Hs  operations  embracing  the  entire  globe.  Here  the  great 
problems  of  magnetic  research,  in  coupcraiion  with  the  leading 
mngnetjcianfl,  can  be  studied  not  as  subsidior}'  to  Homc  other  great 
branch  of  scientific  inquirv,  but  by  themselvea,  wholly  apart  from 
any  (roneiderationa  of  immediate  economic  value. 

Tlic  next  great  problem  is  to  secure  the  neceBsary  recognition  of 
the  fact,  among  those  advancing  theories  on  any  of  the  earth's 
magnetic  or  electric  phenomena,  that  in  nearly  every  instance 
Biilficient  data  are  not  at  hand  for  cruciid  and  decisive  tests  of  theory. 
The  cause  of  this  is  twofold:  First,  the  observational  data  in 
general  have  not  the  requisite  extent  and  proper  distribution  either 
in  time  or  B|iace  or  buth;  and  second,  the  mathcmaticnl  discuwtions 
or  analyses  to  deduce  the  facts  from  such  data  as  may  be  at  hand 
are  in  most  instances  not  complete  or  are  entirely  lacking,  primarily 
because  of  the  inadc<iuacy  of  the  means  necessary  for  such  discuswions 
as  these  which  involve  much  time  and  labor.  Thua  one  of  the  great 
questions  of  the  day.  one  of  liveliest  interest  to  the  astrophywcist 
and  to  t  be  meteorologist,  as  well  as  to  tbe  magueticiaa,  —  the  sub- 
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joct  of  magnetic  stonns  or  pcrturbatioaa  and  Lheconn«ction  with  solar 
phonumCDU,  —  is  one  in  which  the  investigation ,  both  obscrvntionally 
aiid  theoretically,  is  merely  in  its  pioneer  stage.  ^Uthough  good  work 
has  already  been  done  in  this  direction,  a  number  of  carefully  and 
comprehensively  conducted  experimental  and  theoretical  invcstU 
gatioDs  will  be  needed  before  this  subject  is  thoroughly  iinderstood, 
and  before  any  theory,  however  ingeniously  it  may  be  worked  out. 
will  be  entitled  to  full  credence  and  final  adoption. 

Another  cogent  illustration  of  the  lock  of  the  requisite  data 
pertains  to  the  distribution  of  the  magnetic  forces  over  the  earth. 
Considering  the  earth  as  a  whole,  very  little  advance  in  our  know- 
ledge of  the  distribution  of  the  earth'ti  permanent  magnetism  was 
made  during  tlie  aenond  half  of  the  past  century.  Chiefly  on  this 
account^  it  is  found  that  the  accuracy  of  the  determination  of  the 
magnetic  potential  of  the  earth  has  in  no  wiae  been  increoHcd  by 
the  most  refined  and  elaborate  of  the  modem  calculations.  Wc 
appear  to  know  the  numerical  coctficicnta  entering  into  the  Gau-ssiun 
potential  expression  about  as  accurately  for  Sabine's  magnetic 
charts  (1840-45)  as  for  Neumnyer's  (1885),  Such  an  important 
question  as  whether  the  earth,  like  any  other  magnet,  is  gradually 
losing  its  magnetism  or  not  cannot  be  definitely  answered,  because 
of  the  lack  of  sufficient  end  accurate  data.  Recent,  calculations 
based  on  all  the  observations  at  hand  would  apparently  yield  the 
result  that  the  earth  is  losing  at  present  annually  one  twenty-four 
hundredth  part  of  its  total  magnetic  moment,  —  a  loss  which  if  con- 
tinued would  reduce  the  intensity  of  the  magnetization  of  the  earth 
to  one  half  it3  present  amount  in  sixteen  hundred  and  si-tty  years. 
However,  the  <lata,  as  Klated,  are  not  sufficient  to  make  safe  this 
assertion. 

A  case  in  which  a  large  amntint  of  valuable  obscrt'ational  data 
have  been  collected,  but  nf  whii^h  the  luialysis  and  discussion  have 
not  as  yet  been  made  with  that  completeness  and  thoroughness  the 
subject  demands,  is  that  of  the  diurnal  variation.  And  so  we  might 
go  on;  auflice  it  to  say  that  U  appears  to  be  the  ajtecifie  Uuk  o]  thi»  g^H' 
tration  lo  bring  togethtr  Ih*  great  facia  eoncerning  the  tarlk't  magtietiam 
and  to  jormulate  tkem  aa  far  as  possible  in  surA  la7igua(f«  thai  clear, 
coTicise,  and  decisive  deduciions  of  theory  may  be  made,  if  not  by  us,  then 
fey  our  successors, 


After  these  introductory,  general  remarks,  let  us  briefly  turn  oar 
attention  to  a  concrete  occurrence  of  a  magnetic  phenomeooa  des- 
tined to  play  an  important  rAIe  in  the  physics  of  the  earth.  This  is 
a  particularly  fortunate  example,  sa  it  in  of  decided  Interest  to  severs! 
of  the  departments  into  which  Physical  Science  has  been  grouped 
by  this  Congmas. 
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Od  May  S,  1902,  as  you  will  recall,  a  ^^rcat  catastrophe  overwhelmed 
and  annihilated  the  town  of  St.  I'icrre  on  the  Island  of  Martinique. 
The  destructive  agency  was  the  products  from  an  eniptJon  of  the 
neighboring  volcano,  Mt.  Pel^.  All  reports  agree  that  this  eruption 
ocottired  shortly  before  eight  a.  m..  St.  Pierre  time,  and  you  niay 
remember  that  the  hands  of  the  clock  on  the  town  hospital  wcro 
found  stopped,  according  to  Heilprin,  at  7  h.  52  m.  a.  m.  No  distant 
earthquake  effects  or  barometric  fluctuations  were  obscn'od  in  con- 
nection with  this  eruption,  such  as  were  recorded  resulting  from  the 
mighty  eruption  of  Krakatoa  in  1883.  The  Mt.  Pel^  eruption  left, 
therefore,  no  reconl  tiehiiul  on  any  seismograph  or  barograph. 

However,  coincident  with  thia  eruption  a  fttagmtic  disturbance 
set  in  simultaneotmly  around  the  entire  globe.  On  the  diagram 
exKibit<rd.  Uie  disturbance,  os  recorded  by  the  horizontal  intensity 
magnetoKfaplis,  is  shown  for  twenty  stations  encircling  the  entire 
earth,  some  of  them  situated  in  the  southern  hemisphere,  the 
majority  being  in  the  northern  hemisphere.  It.  ir  noticed  that 
shortly  before  eight  a.  m.,  St.  Pierre  time,  a  sudden  rise  in  all  the 
cun'en  occum,  resulting  in  an  increased  intensity,  on  tho  average, 
of  about  onn  fifteen- hundredth  part,  of  the  usual  value.  For  about 
ono  and  one  half  to  two  hours  after  tho  first  impulse,  the  curves 
progress  fairly  smoothly,  when  all  at  onco  they  arc  broken  up  into 
a  system  of  most  interesting  and  eharaoteristic  waves,  whose  cor- 
responding features  cau  be  traced  from  station  to  station. 

If  DOW  we  determine  the  absolute  time  of  beiginuing  of  tbe  miignetic 
disttirbance  at  each  station,  we  shall  find  that  the  times  differ  from 
each  other  by  quantities  on  the  order  of  the  error  of  the  time  detei^ 
mination,  and  that .  hence,  the  magnetic  disturbance  traveled  over  the 
whole  earth  with  such  great  velocity  as  to  make  the  times  of  beginning 
practically  the  same  over  the  whole  glolie.  Thus,  by  comparing  the 
times  of  l»eginning  of  the  magnetic  nbflervat.ories  clotent  to  Mt.  Pel^ 
with  the  times  obtained  at  the  nia4tnetic  observatories  halfway 
round  the  Klobe,  wc  shall  find  that  they  agree  within  one  minute.  The 
mean  of  all  the  times,  considering  the  disturbance  in  the  three  mag- 
netic elements  —  declination,  horizontal  and  vertical  intensity  —  was 
7:54.1  A.M.  St,  Pierre  time,  or  practically  the  same  as  given  by  the 
town  clock.  Since  we  have  no  means  of  knowing  how  accurately  the 
town  clock  kept  local  mean  time,  it  is  possible  that  tbe  most  accurate 
determination  of  the  time  of  tbe  eruption  of  Mt.  PeU  on  May  8, 1902, 
van  afforded  us  by  this  uniqite  magnetic  disturbance. 

1  have  called  this  disturbance  uniifue  for  several  reasons.  First,  it  i$ 
the  only  ease  at  present  known  in  which  the  occurrence  was  so 
sharp  and  decisive  r-i  to  lead  several  magneticiana  to  suggest,  inde- 
pendently of  ench  other,  a  caunU  conneetion  with  the  volcanio  erup- 
tion.   While  it  is  quite  possible  that  upon  research  it  may  be  found 
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not  likolv  that  there 


tlierc  arc  other  cases  of  Bimilar  roniioction,  it  is  not  likoiy 
Mill  Ijc  found  an  instance  in  which  the  data  arc  as  complete  and  as 
accurate  a»  in  the  preaent  caae.  In  the  mightier  eruption  of  Kraka- 
toa,  no  magnetic  disturbance  affecting  t  he  entire  earth  simuitatteoudy 
wa9  noted.  A  discontinuous  disturbanoe  occurred  at  the  noor-by 
Batavia  magnetic  obser\'atory,  which  lasted  merely  dxiring  the  rain 
of  volcanic  afihee  upon  Batavia,  and  the obsorvcr  attributed  the  mag- 
netic effect  to  the  magnetic  character  of  the  ashes.  If  there  was  any 
general  magnetic  effect  referable  to  the  eruption,  it  waa  of  a  totally 
different  character  from  that  of  Mt.  Pelfi,  for  Whipple  deduced  a 
velocity  for  the  rate  of  propagation  of  a  magnetic  disturbance  which 
occurred  on  the  day  of  the  iCrakat«a  eruption  of  about  1000  miles  an 
hour.  At  this  rate,  it  would  have  taken  the  Mt.  Pel^  magnetic  dis- 
turbance Ewveral  hours  to  travel  around  the  whole  earth. 

The  coincidence  of  the  magnetic  disturbance  with  the  Mt.  PeW 
eniption  was  such  a  striking  one  as  to  suggest,  as  already  Btatcd,  some 
physical  connection.  And  t)ie  first  thought  might  naturally  be  that 
the  displacement  of  massea  in  the  earth's  interior  produced  a  redistri- 
bution of  the  electric  currents  inside  the  earth,  which  in  turn  gave 
rise  to  the  magnetic  disturbance  observed  on  the  earth's  surface. 
We  have  had,  namely,  repeated  instances  in  which  seismic  disturb* 
ances,  known  to  have  occurred,  were  recorded  not  on  seismographs, 
but  on  vmgnelorjraphs.  This  might  occur  if.  for  example,  the  me- 
chanical displacement  of  masses  below  the  surface  resulted  in  either 
the  formation,  destruction,  or  redistribulion  of  the  electric  currents, 
whirh  in  turn  produced  the  magnetic  effect.  This  magnetic  effect 
would  then  propagate  itself  more  rapidly  to  the  surface  of  the  earth 
than  the  mechanical  vibration,  and  hence  might  be  recorded  first  or 
even  give  a  record  when  the  mechanical  vibrations  by  the  time  they 
reached  the  earth's  surface  would  be  too  feeble  to  leave  their  trace 
on  w'ismograplis. 

Ifovre^'er.  in  the  case  of  the  magnetic  disturbance  before  us  no  such 
simple  explanation  is  possible.  While  the  mathematical  analyas  has 
not  yet  been  completed,  it  has  progr«aaed  sufficiently  far  to  show  that 
the  cause  of  the  magnetic  disturbance  (lannot  be  rrferred  to  any  dis- 
tribution of  electric  currents  below  the  eartli's  surface,  but  that,  on  the 
other  hand,  the  observed  phenomena  are  bet.ter  satisfied  by  assunung 
a  distribution  of  electric  currents  in  the  regions  ahove  us.  As  is 
kno^\ni,  it  is  with  the  aid  nf  the  changes  in  the  vertical  component  of 
the  earth's  magnetism  that  we  can  decide  whether  the  lorcee  produc- 
ing the  ohsfirved  disturbance  have  their  seat  in  the  earth's  interior  or 
in  the  regions  outside.  The  question  now  is,  was  the  coincidence  be- 
tween the  magnetic  diatiu-banee  and  tlie  Mr.  PcW  eruption  a  mere 
chance  connection?  If  not,  then  the  further  analyttis  of  the  magnetic 
disturbance  is  going  to  be  of  the  greatest  interest. 
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The  production  of  static  electric  charges  by  the  rapid  ejection  of 
particles  of  ateam  or  vapor  is  well  known.  It  may  thus  be  possible  that 
the  violent  and  tremendoua  ejection  of  vaporous  particles  from  withiD 
the  volcanic  cone  produced  such  a  high  electrification  of  the  regions 
above  the  volcano  as  to  have  sufficiently  altered  the  potential  of  the 
semi-permanent  electrification  of  the  upper  regions  to  have  immedi- 
ately produced  an  inflow  or  outflow  from  outside  space  of  electric 
charges  so  as  to  make  the  resultant  effect  comparable  to  that  asso- 
ciated  with  a  magnetic  storm  coming  from  without. 

It  will  be  recalled  that  the  products  ejected  by  the  eruption  were 
described  to  be  principally  of  a  vaporous  or  gaseous  character  and 
finely  powdered  ash.  All  reports  dwell  especially  upon  the  electric 
flashes  over  the  mountain  during  the  eruptions. 

If  it  is  possible,  therefore,  to  disturb  the  entire  earth's  magnetism 
by  an  explosion  on  the  earth,  our  conceptions  as  to  the  manner  of  the 
connection  of  magnetic  disturbances  and  solar  eruptions  have  had 
some  light  shed  upon  them. 

It  is,  furthermore,  of  interest  to  add  that  the  solution  of  the  actual 
cause  of  the  rapid  and  complete  destruction  of  all  life  in  the  ill-fated 
town  of  St.  Pierre  may  find  some  assistance  in  the  study  of  the  mag- 
netic disturbance.  Thus  it  will  be  recalled  that  in  many  instances  it 
was  found  that  the  death-dealing,  scorching  blast  passed  through 
the  clothing  without  injuring  it,  bm-ning  the  flesh  beneath,  however, 
to  a  crisp.  This  might  be  explained,  if,  for  example,  there  were  in 
the  mountain  crystals  of  copper  sulphate.  The  rapid  heating  of  this, 
accompanied  by  violent  ejection,  would  be  accompanied  by  enormous 
electric  charges  and  the  production  of  vaporous  sulphur  trioxide.  The 
latter,  violently  ejected,  would  pass  through  the  clothing,  doing 
comparatively  little  injury  to  it,  but  as  soon  as  the  vapor  entered  the 
pores  of  the  body,  it  would  combine  with  the  finely  divided  particles 
of  water  in  the  skin  and  form  sulphuric  acid,  which  in  turn  burned 
the  flesh  and  quickly  brought  death  to  the  afflicted.  Certain  other 
substances  would  have  a  simitar  action. 

Had  we  time,  we  might  bring  forth  a  most  interesting  case  of  the 
relationship  between  physiographic  features  of  a  land  area  and  irregu- 
larities in  the  magnetic  distribution.  Such  an  instance  is  shown  by  the 
recently  completed  magnetic  survey  of  Louisiana. 

Permit  me  to  call  your  attention  to  the  great  and  promising  field 
of  inquiry  relating  to  the  rfile  played  by  the  terrestrial  magnetic  lines 
of  force  in  deflecting  or  dissipating  such  solar  radiations  as  affect  the 
magnetic  needle  and  which  are  prevented,  pMsibly  with  benevolent 
purposes  for  our  welfare,  from  reaching  the  lower  depths  of  the  atmo- 
sphere. With  respect  to  such  radiations,  these  magnetic  antennie  of 
the  earth  may  perform  the  same  function  as  does  our  atmosphere 
with  respect  to  swarming  meteors. 
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Ca)<Hria<aoM  ^>pnr  to  ilww  tlut  in  Uiq  aeffivvi  abov*  the  euth 
tbmw«xi8ts  a  magnetic  field  tbaoiMl  eounterpact  of  tbat  of  tha  eattii 
itaalf.  Thapraoiaf  DwuMrinwloabUiishaabaanlvoughta^^ 
af  tbafiiaatlvoUwu.  Tbe  eon^oaHmn  of  thin  field  is  renaled  to  us 
by  tke  variatiras  U  the  magnetia  elainaDta  duriag  tlw  earth's  iot»- 
tum  aod  hy:  the  analyns  of  Uw  earth's  pwmaoant  magnetic  field. 

Had  we  time,,  wa  might  qieak  of  the  aaaoaatkm  brtweea  oertam 
magnetio  and  metaorologjeal  phanonraa;  hovaver,  Uiia  field  ia  cov- 
ered ia  ProfeoBw  Judbasum't  IwidnuL 

In  eonoluitoi,  let  me  say  tbea  that  tf  it  be  eonoeded  thai  the  study 
of  the  phynoft  vt  the  uuTaise  ia  primarily  eoncemed  with,  the  ub^ 
raveling  of  the  bmida  <d  nuUm  betweox  the  oonatituaot  bodiee  <£  tiw 
uniyerae,  and  witib  the  interohange  of  minute  eleetoified  parUdes 
betweoi  them,  and  inaemueh  aa  it  appeaietbat  magpetio  uui  aleotrie 
Tariatimu  cooatituto  the  surest  aad  most  sanative  indieatlona  of 
these  existing  bonds  and  mutual  interohanges,  it  bciioovas  all  those 
iDteraeted  in  the  steady  devdopment  <rf  the  soianees  <tf  ^»  univene 
to  aecwd  to  the  subjeota  of  tecrestrial  magnetism  and  tetreetrial 
eleotrieity  the  fullest  poeeiUe  zeaognition,  and  thua  ^va  Uke  patient 
voriEera  in  tiuse  fields  the  etimulua  and  eneowaieemant  nsoessaty  for 
best  -work  in  aqy  fidd  of  humaa  inqiiiiy. 


8H0BT  PAPER 


PaonnoB  H.  H.  Cs^Ticm,  of  Blw  Wa  Ob^tnwtaty,  piasittd  a  p^pw  to 

tbia  Seetion  on  "  Ths  CSreulation  of  the  AtmoBphon." 


BOOKS  OF  REFERENCE  ON  GEOLOGY  AND 
PALEONTOLOGY 

iPrepmvdbycowrletsolHerberlP.WhiaockolthetiaffoltKeNewYorkStaUMuaeum) 

OBHERAL 

Geikix,  a.,  Text  Book  of  Geology,  2  vols.,  London,  1904. 

Dana.,  J.  D.,  Manual  of  Geology,  New  York,  1896. 

De  Lapfahbnt,  a..  Traits  de  Gtelogie,  3  vols.,  Faria,  1900. 

Nbumatr,  M.,  Erdgeechichte,  2  vols.,  Leipzig,  1S95. 

Ghauberuun,  T.  C,  and  Salibbcrt,  R.  D.,  Geology,  2  vols.,  New  York,  1904. 

Briohau,  a.  p.,  Text  Book  of  Geology,  New  York,  19(B. 

COSmCAL  GEOLOGY  ASP  GEOGITOST 

Crooi.,  J.,  Climate  and  Time,  Edinburgh,  1885. 
FiSBXB,  O.,  Pbysicfl  of  the  Earth's  Crust,  London,  1881. 
Williams,  E.  H.,  Manual  of  Lithotogy,  New  York,  1895. 
Keup,  J.  F.,  Handbook  of  Rocks,  New  York,  1896. 

RoBENBtiscH,  H.,  Mikroekopische  Physiographic  der  Mineratien  und  Gestein, 
Stuttgart,  188&-87. 

DYHAMIC  GEOLOGY 

Sdbss,  E.,  Das  Antlitc  der  Erde,  Prague,  1883-88. 

Daubrec,  A.,  Etudes  synth^tiques  de  G^logie  Exp^rimentale,  Paris,  1879. 

Dana,  J.  D.,  Characteristics  of  Volcanoes,  New  York,  1890. 

Corals  and  Coral  Islands,  New  York,  1890. 
JtiOD,  J.  W.,  Volcanoea,  New  York,  1881. 

HsiLPRm,  A.,  Mont  IVlfe  and  the  Tragedy  of  Martinique,  Philadelphia,  1903. 
Milne,  J.,  Earthquakes,  New  York,  1886. 

Merrill,  G.  P.,  Rocks,  Rock-weathering  and  Soils,  New  York,  1897. 
Shalbh,  N.  8.,  Origin  and  Nature  of  Soils,  U.S.  Geol-Sur.,  1890-91,  part  i. 
Darwin,  Ch.,  Coral  Reefs,  London,  1891. 
Bonnet,  T.  G.,  Ice  Work,  New  York,  1896.    ' 
Geikie,  J.,  The  Great  Ice  Age,  New  York,  1895. 

Kino,  F.  H.,  Principles  and  Conditions  of  the  Movements  of  Ground  Water,  U.  S. 
Geol.  Sur.,  1897-98,  part  n. 

STRUCTURAL  GEOLOGY 

Van  HiaE,  C.  R.,  A  Treatise  on  Metamorpbism,  U.  S.  Geol.  Sur.,  Monograph  47, 
1904. 
Principles  of  North  American  Precambrian  Geology,  U.  S. 
Geol.  Sur.,  189&-96,  part  i. 

ECOnOHIC  GEOLOGY 

Philips,  J.  A.,  and  Louia  H.,  A  Treatise  on  Ore  Deposits,  London,  1896. 
Kemp,  J.  P.,  Ore  Deposits  of  the  United  States  and  Canada,  New  York,  1901. 
PoaEPNY,  F.  The  Genesis  of  Ore  Deposits,  New  York,  I8B5. 
Branner,  J.  C-,  and  Newbou ,  J.  F.,  Syllabus  of  a  Course  of  Lectures  on  Economic 
Geology,  Stanford  Univendty,  1900. 


758    BIBLTOGRV 


■:  GEOLOGY  A! 


>LOGY 


Dtwht.  F.  p..  a  PrcliminaTy  D&etriptive  C'Atalo^?  of  the  Sv«t«inatic  Coilertioiu 

in  EcoDoouc  GcoloKy  anil  Mctullurgy  in  llic  L'.  S.  Knlional  Uusciim,  Smitb- 

Mniiui  Institiiliou,  Bull.  42,  1801. 
MERatLi.,  0.  P-.  Ouid<^  to  thu  Study  or  the  Collt>ctiotia  in  tlic  Scctioa  of  Applied 
GeoloKT  i"  llic  U.  S.  NuiioHiti  Miutctim,  Hrport  of  tbe  U.  8. 
Nat.  Slud.,  1890.  Waahiiigton,  lOUt. 
StoDcs  for  Uuiiding  and  Dcooratioii,  Ncv  York,  I89I. 
VanHiac,  C.  R-,  Batley.  W.  S..  aiiclHMrrB,  U.  L.,Tlic  Marquette IroQ-beariBg 

DuCrict  of  Mietiigan,  Monograph  2S,  U.  S.  GmI,  Sur.,  WasliingtoQ,  1897. 
Ibvinc],  R.  D.,  Ttic  Copper- brn ring  Rodia  of  I>akc  Superior,  Monognph  St  V.  B. 

Gflol.  Sur.,  Weahinffton,  1883. 
WiHSLow,  A.,  Lead  and  Zinc  UepoeiU  of  Mi»oun,  Geol.  Sur.  of  MisKAiri,  rol.  vn, 

Jetfereon  City.  1894. 
Euuos'B,  S.  F.,  Geology  and  ^in''^  Industry  of  L^advil](<,  Klonograph  12,  V.  S. 

OeoL  Sur..  WMhington.  1888, 
Hatch,  F.  H.,  nnd  <^aliii:rs,  J.  A.,  The.  Gold  Minca  of  the  Rand,  London  and 

New  York.  18fl5. 
CnoM,  W,,  jind  Pkxhobk,  R.  A.  F,,  OoloKy  and  Mining  Industry  of  tlw  Crip|dr 

Clerk  Dbtrirt,  Colonido,  U.  S.  Cool  Sur..  189*-9S,  part  ii. 
Bbcseh,  Oborok  ¥.,  Geology  of  the  Qulrluiilvcr  Dtponta  of  Iha  rncific  Blo|)c, 

Monograph  13,  U.  S.  0«il.  Swr.,  WaaliiiiKt^i*'  1*^88. 
Kpnz,  G.  F,,  Gi-nw  and  Procious  Stones  of  Nortli  AnriMica,  N«w  York,  1900. 
Singer,  von  L.,  Dcitrttgc  uurdrr  Pptrolcum  BildunK.  Vicnnn,  lffl3. 
PECKnAM,  a.  F.,  Production,  Tcvtinolngy,  asd  Usee  of  Petroleum  and  of  its  Pro- 
ducts, 10th  CenKua,  voL  x.  WaBliington,  1884. 
Mekriix.  F.  J.  H..  Halt  and  Gypsum  IndunLrin  of  New  York,  Bull.  II,  N'.  Y. 

State  Muaeum.  Albany,  1891. 
Report  on  tlie  Duilding  Stones    of   the   United  States,    lOth  Cenena.  vol.  x, 

WB8hing:ton,  ISM. 
QiLuuim,  Q.  A.,  Ou  Limts,  Uydraulio  Cernvnta,  and  Mortars,  New  York,  I8SS. 
BtrTLKD.  r>.  B..  PoTtlimd  Cr-nicnt,  its  Mnnufacturo,  Testing  and  Vih9,  I>ondoD  anil 

New  York,  1JW9. 
Ribs,  II.,  Tli0  Claya  of  the  United  8tstM  ea«t  of  the  Minienppi  Rrver.  Profet- 

gioniU  rui>fr  11.  V.  S.  Ok>1.  8ur..  WntdiinKtuu,  19U3. 
Stevart,  W.  M.,  Special  Hepoit  of  the  Ct'osus  Oflic«  on  Mines  and  QuariMS, 

Wnehington,  1005. 

PALEONTOLOGIC  GEOLOGY 

ZmxL,  K.  A..  Grundxugc  dcr  paliiontologiv.  Mflochen.  1903, 

Huidhuch  (li-i  r.tli:4intologip,  MUnchpn  and  1>lpsig,  1876-92. 
NiCROtaoN,  H.  A.,  and  LTDKKKEn,  K..  Manual  of  PalFontoloe^,  London.  1S89. 
KoKKir.  E.,  Die  Vomrclt  und  ihrc  EntwickrlungBe<^«chichto.  Leipsig,  1893. 
Woods,  J.  E.  T..  Elementary  PuJcontology  (or  OeoIft((ical  Studrnts,  Camhridgs. 

1902. 
ZiTTri.,  K.  A.,  and  EASTWAy,  C.  R..  TMthook  of  Paleontolf^ry,  London,  190IL 
RouRii.  P..  and  FnrrH,  F  ,  Lcthapa  Got^ostica,  Stuttgart,  1880. 
Walttibr,  J.,  EinJi-itiing  in  die  Gcolofrir,  Jena,  1894. 
Bkrnars.  F.,  ElL-menta  de  PaJifentologie.  Paris,  18S5. 
Zcnxcn,  II.,  Elements  do  Pal{^oKotftni<iue,  PAris. 

PERIODICAL  PUBUCAnOirS 


I 


Annoli^a  dm  Mine*,  published  at  Pcu-ia  ridk  1794. 

AawricBQ  Journal  of  Science,  published  at  New  Uarcn  since  ISld. 


I 


BIBLIOGRAPHY :  GEOLOGY  AND  PALEONTOLOGY    759 

Bulletin  de  la  Soci^  Gtelogique  de  France,  published  at  Paris  since  1830. 

Neues  Jahrbuch  ftir  Mineralogie,  Geologic  und  Paleontologie,  published  at  Stutt- 
gart since  1830. 

Geological  Magazine,  published  at  London  since  1858. 

Engineering  and  Mining  Journal  (weekly),  published  at  New  York  since  1866. 

Transactions  of  the  American  Institute  of  Mining  Engineers,  published  at  New 
York  since  1870. 

American  Geologist,  published  at  Minneapolis  since  1888. 

Journal  of  Geology,  published  at  Chicago  since  18fl3. 

Zeitschrift  fOr  Praktische  Geologic,  published  at  Berlin  since  1893. 

School  of  Mines  Quarteriy,  published  at  New  York  since  1879. 

Monographs,  Bulletins,  and  Annual  Reports  of  the  U.  S.  Geological  Survey,  pub- 
lished at  Washington  since  1880. 


WORKS  OF  REFERENCE  ON  PETROLOGY 
MINERALOGY 

{Frtpared  by  mur'teay  o/  Fro/.  Ferdinand  ZirM) 


AND 


HlLLBBHASD,  F.  W.,  BuUm-iii  o(   t9ii>  n.  S.  Ooloicir^  Survey,  no.  US,  J897. 

Dctitsch  (Ibor.  ron  Z9cliii»iTi«r;    Pr&ktigichQ  Aiilnititng  tar  AnBlyw  dcr  Siltpat- 

gceti^e  uttcli  (leu  Mellivd-uu  tier  K«>1.  Liuiil«(Muistait  dcr  Vcr.  Stostcn.  Lripxig, 

Ifi02. 
WA3Hi.vaTDN,  Mkkut  $.,  ChcmicAl  AnAlyvca  of  idiwoiu  racks,  publwhad  from 

tSSf-l&OO,  with  a  critical  discussion  of  the  character  oiid  use  of  analyam, 

Pn>I.  Pajv.  U.  8.  Ool.  Surv..  no.  14,  W««hiiifl;i«n.  1903. 
MoRoiEwicz,  JoftBP^Ueber  KyscUtynut  Mineral  in  Petro^,  MiUheO,  Jtviii.  202, 

15WJ, 
Harser.  Quart.  Joum.  Ocol.  Soc.  LoadoD,  u.  188S,  146;  Jaurnn]  of  Geology,  Tin, 

3JJt>,  IfW). 
Lokvixson-Lessino,  Sluilicti  uUt  die  nniptivKcstelnc,  8t.  PrteraburE.  1899. 
Bkcke.  I'll.,  Mineral,  vi,  I'etrogr..  MilthpU,  xvi,  31fi.  1807. 
looiNOft.  J.  P.,  Bull.  Philon.  Hoc.  Wwihiuicton,  xi.  207.  211.  1890.    Jouninl  of 

(>eology,  ri,  02. 1 892.  Chemii»]  igneous  rocks  expr^H»d  by  raeuuia  of  diagrams. 

Prof.  Pap.,  V.  S.  Ool.  Surv.  no.  18,  Waahington,  I9U3. 
Bhobookr,  Dlo  Eniptivgn&Krino  dea  Krietianio-UebiclA,  tit,  Clirfetiania,  Ifl08. 
LivT,  MicaAKi.,  Bull.  .Vrv.  CarUi  <i6n\..  Fniiiec,  ix.  38,  no.  67.  1897.    Bull.  8oc- 

G60I.,  I^anoe.   <3)  xxv,  1897;  xxvi.  1898. 
P1R8BOH,  L.  v..  aoth  Anniial  R«port,  T.  S,  flpoloK-  Surrey,  ill,  867,  1900. 
Waminoton,  H.  S-,  Hull.  Gco\.  Soc.  America,  xi,  851,  IBiW 
HOooB,  O.,  Neuea  Jahtbucli  fOr  MinenJa^e.  etc.,  1,  Abhdl.  100,  1000. 
Ohann,  Venudi  rincr  cliciTibtchcii  CliiXNiliciitioii  dt-r  F.niptivgp«l«me.  Minwal,  u. 

petrograph.    Mitthdl.,  .xix.  3il,  IWM;   xx.3B0.l901;  xxi.  365,  IB02. 
Lachoix,  a,,  Nour.  arch,  du  Mun^um  d'liiHt,  natnrvlle,  Pari*:    (3)  Vt,  209.  1804; 

Bull.  Serv.  earto  fftol.  France;  vi,  no.  42.  307.  1S»A. 
Kat«kii,  Diabasn  den  HaraM,  Z«it«c))T.  d.  gcoiog.  0<wll»cli.  sxit,  103, 1870. 
RicrNiBCH,  F.  R.,  DnickprmlitcLi'  att.i  Laiaitnt^r  Biolitgrantt  und  aelncn  Diabai- 

gangen.  HabilitatioUBchrift,  Leipzig,  1902. 
Bcjiiicxv,  E.,  Flcmcnta   cincr   ncu«ii,  chMuiach-nukroekoptcUen   Mineral   und 

gMttiinsanaJvm)  (Archiv  d«  naturw.  Landesdurcliforechung  von  Bohmen.  ni. 

6):  Prag.  1877. 
Ki.F.MKNT  aii<l  Rr.NARD,  RtertloHS  microcliimiqaes  &  criatau-x  et  Icur  ap|)Ucattun 

en  analyse  qualitative.  Itnmels,  188ft. 
BctiRCNs,  II.,  .\nleitungturuukrool)ciaiecbesAtuIyee,  2.  ed., Hamburg  undL«ip- 

itg.  1S99. 
BuNSE.1,  R.,  Zeitschr.  d.  Ii.  gocilog.  Ceadlach..  xin.  02,  I8K1. 
Laqoeuo,  Uebcv  din;  Katur  dur  Ula^basU  sowio  dio  Kr>-i)LalluattOQsrois&age  iu 

eruptiven  Mngma.  Minfinil.  11.  iictroKr.  Mittlii-il.  vni.  A21,  1887. 
LBVAJlCie,  J.,  Centralblatt  f.  Mineralogie,  etc,,  608,  1903. 
BiLvtrua.  U..  Chcmiache  MincmloKtc,  I-ciprie.  00,  23«.  30O.  1896. 
MEYiCRiiorrcn,  ZciUelir.  (.  Kr>'9t,4Jlogr.  u.  Mineralogie,  xxxvi.  591,  1902. 
Sonar,  H.  C,  Proceedings.  Royal  .Society,  I-oadon,  xn,  638,  1888. 
C.  Doxi/rnii,  Ccntnilblntl  f.  Mliieralnpe,  He.  (KW,  IflOft. 
Teal,  British  Petrography.  London,  1888.  The  Et'olution  a!  Petrologtcal  Ideas, 

Prcflidenta]  addreoi,  Quart.  Journal  Gcclogical  Society,  London,  May,  1901. 


^ 


BIBLIOGRAPHY:  PETROLOGY  AND  MINERALOGY      761 

ZiHKBL,  F.,  Lehrbuch  d.  Petrographie,  2d  ed.,  i,  768,  Leipzig,  1893. 
VooT,  J.  H.  L.,  Uie  SilicatflchmelilOmingen,  ii,  113,  Christi&nia,  1904. 
Iddingb,  On  the  crystalliEation  of  igneous  rocks,  Bull.  Philos.  Society,  xi,  437 

Wasliicgton,  1889. 
ScuwEio,  M.,  Neuee  Jahrb.  f.  MinenJogie,  etc.,  Beilageb.,  xvn,  516,  1903. 
Van  't  Hoff,  Zeitschr.  f.  Fhysikal.  chemie,  i,  481, 1887. 
Gour  BT  Chaperon,  Annaies  de  Chimie  et  de  I^yaique  (6)  xii,  387, 1887. 
Bards,  Bulletin  U.  S.  Geological  Survey,  no.  103,  Waahington,  1893. 
Stubbl,  a..  Die  Vutkanberge  von  Ecuador,  367,  Berlin,  1897. 

Ueber  den  Litz  der  Vulkanischen  Krflfte  in  der  Geeenwart,  Leipiig, 
1900. 
Lbpsidh,  K.,  Ueologie  von  Attika,  149,  Bariin,  1893. 


BOOKS  OF  REFERENCE  ON  PHYSIOGRAPHY  AND 
QEOGRAPHY 

CHAMBaBLW,  T.  C,  uid  Sausbubt,  R.  D.,  Oeokisr.  Holt 

Datis,  W.  M.,  PhyncBl  geagnphy.  Oimi. 

OtLsaar,  0.  E.,  and  ^imAif,  A.  P.,  An  introdnetikm  to  {^snrioftl  goog^Kphy 

HmOiBT,  T.  H.,  I1iy»ogim{diy;   introdue^n  to  the  study  of  natun;  n'risod 

and  partfy  nwritten  by  R  A.  Ongny.  Macmillan. 
JoaitWKat,  Kaira,  PhyiieBl,  hiBtorieal,  [lolitical  and  dMoriptive   geagnpby 

Stanford  (Lond.). 
La.  Noi,  Q.  ds,  and  y*,Boaitra,  EmumnL  vm,  I«a  fonnea  du  tenwn.  Badiette. 
Hill,  H.  R,  ad..  International  geognqihy.  A^;q>letoo. 
Fkncs,  Albukst,  Ooograiduaofae  Abhandhinfen. 

MoijAmJo^  6a  ErdobeiflAche.  Kiglebom. 
'PwBOBK^  OacAB,  Fbyeudiie  Erdkonde,  beafbeitet  und  hng.  von  Oustav  LMpokH. 
Donoker  A  HumboU. 
Fliyaiograidiy  of  the  UnUed  Statea,  National  KBOgmpluo  tncmo- 
ff»:ptm,  10  nombna.  Amer.  Book  Co. 
RaxML,  Fbisdbigd,  Kb  Erde  and  das  leben.  Kblk^rafduc  Inatitute. 
RacLtta,  EuaiB,  NooTBUe  g^ogiapbie  unhnnelle,  la  teire  et  lea  hmmnea.    Ha- 

ohette  (Pub.  in  Bn^iih  by  Ajqileton). 
KamoLL,  1.  0.,  North  Amerion.  Applettai. 
Shaub,  N.  S.,  Aapects  of  the  earth.  Sariboer. 
SKBBJCBur,  8.  B.  J.,  Phyeieal  geogia]diy.  leUetar. 
SrAMfOBD'a  Compendium  of  gsogiaphy,  12  vob. 
Sdmx,  AxKUMnxR,  Onindiflge  der  i^yriadben  Etdkun^.  T^ 
Staa.  Edvabd,  The  hoe  of  tlu  earth;  tx  by  H.  B.  C.  Sollaa.  Oamndon  Pnaa 

Oxford. 
TabK,  R.  S.,  New  physical  geography.   Appleton. 


SPECIAL    BOOKS   OF   REFERENCE    ON    OCEANOGRAPHY 
(Prepared  by  the  courtesy  of  Sir  John  Murray) 

Aqabsie,  Alexander,  A  contribution  to  American  tlialaasography;  three  cruisea 
of  the  U.S.  Coast  and  Geodetic  SurvejrBteamer"  Blake"  in  the  Gulf  of  Mexico, 
in  the  Caribbean  Sea,  and  along  the  Atlantic  coast  of  the  U.  S.  2  vole.  4to,  1888. 
Also  found  in  Bulletin  of  Harvard  Museum  of  Comparative  Zodlogy,  T,  14,  IS. 

BoousLAWBKi,  G.  H.  voH,  and  KRijuuEL,  Otto.  Handbuch  der  OEeanographie, 
2  vols.  4to,  1884-87. 

BiTCHAN,  Alexander,  Report  on  atmospheric  circulation,  18S9. 

Specific  gravities,  oceanic  circulation,  1896. 

Chun,  Carl,  Aus  den  Tiefen  des  Weltmeeree, 

WiBsenschaftliche  Ergebnisee  der  deutschen  Tief-See  Expedition 
auf  dem  Dampfe  "Valdi^ia,"  1898-99,  ed.  2,  1903. 

DsTQALaKi,  Erich  ton,  Zum  Kontinent  dea  eisigen  Sudens:  Deutsche  Sudpolar 
Expedition  Fahrten  und  Forschungen  des  "Gauss,"  1901-03, 1904. 

Edwards,  A.  Milne,  Expeditions  scienUfiques  du  "Travaillcur"  et  du  "Talis- 
man "  pendant  les  annfea  1880-83.   Edited,  1888-1902. 

Monaco,  Prince  de,  R^sultats  dee  Campagnea  scientifiques  acconiplies  aur  son 
yacht  par  Ic  Prince,  Albert  I,  1889-1904. 

Murray,  Sir  John,  Report  on  the  scientific  results  of  the  voyage  of  H.  M.  S. 
"  Challengor,"  1873-76,  1880. 

Mdrrat,  J.,  and  Renard,  A.  F.,  Report  on  deep-sea  deposits,  1891. 

Nanben,  Fhidtjof,  The  Norwf^an  North  Polar  Expedition,  1893-96,  6  vols. 
4to,  1900-05. 

Tait,  p.  G.  Report  on  some  of  the  physical  properties  of  fresh  water  and  of  sea- 
water,  1880. 

Thomson,  Sir  Crarleb  Wyville,  and  Murray,  Sir  John,  Report  on  the  Sden- 
tific  Results  of  the  Voyage  of  H.  M.  S.  "Challenger"  during  the  yeare  1872-76, 
39  F,  vols.  1880-89. 

Thoulet,  Julikn,  L'Ocfen:  ses  lois  et  se^  probl^mes,  1894, 


